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Anildlne derivatives with nitric oxide synthetase activities 

This invention relates to amidine derivatives, processes for their preparation, 
5 compositions containing them and their use in therapy. 

Certain nitrogen containing compounds have been described as neuroprotective 
agents. International Patent Application WO 91/12797 (State of Oregon) teaches 
tri- and tetrasubstituted guanidines as neuroprotective agents. US Patent 5266594 

10 (Dawson et al) (published after the earliest priority date of this application) 
describes the use of arginine derivatives in the treatment of stroke and other 
neurodegenerative diseases. Also European Patent Application 547558 
(Washington University) describes the use of aminoguanidine in the treatment of 
immunological and other disorders. 

15 The use of inhibitors of nitric oxide synthetase in the treament of disease has 
also been described, for ejcample, in International Patent Applications WO 94/12163 
(Abbott) and WO 94/12165 (WeUcome) (both published after the earliest priority 
date of this application) and European Patent Application 446699 (Merrell Dow), 
Amidme derivatives have been described for use as herbicides in German Patent 

20 Application DE-OS-2321330 (Bayer). N-phenyl amidine derivatives have also been 
described for use in the treatment of diabetes in US Patent 3669974 (USV 
Pharmaceutical Corp.) and UK Patent Application 2226562 (Boots). IW- 
disubstituted amidines are described for use in the treatment of hypertension, 
depression and halliconogenic states in International Patent Application WO 

25 92/04054 (University of Oregon). The use of certain symmetric bisamidines as 

analgesics, in the treatment of inflammation and in the treatment of hypertension is 
described in UK Patent No. 1180629 (Delalande). 

A number of. patent documents describe processes for the preparation of 
amidines or describe the use of amidines as intermediates without disclosing any 

30 pharmaceutical use for these compounds. Simple amidine derivatives are described 
in UK Patent No, 1088095 (Merck) as intermediates in the preparation of useful 
benzimidazole derivatives. Processes for preparation of other simple N-aryl and N- 
heteroaiyl amidines are described in US Patent 3299081 (Merck) and fluorine 
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containing amidine derivatives are described as chemical intermediates in Japanese 
Patent Application No. 2229147 (Nissan) and in Japanese Patent Application No. 
58057357 (Daikin). 

We have now foimd a new group of amidine derivatives that possesses useful 
pharmaceutical activity. 

According to a first aspect of the invention, we provide a compound of formula 

I 




wherein 

D represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring 
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are 
optionally substituted by one or more groups selected from alkyl CI to 6, alkoxy CI 
to 6, halogen and perfluoroalkyl CI to 6; or perfluoroalkyl CI to 6; 

represents hydrogen, allqrl Cl to 6 or halogen; 

represents -X(CH2)„ZCONR^R*, -X(CHj)„NHCO(CH2),NR^R*, 
-X(CH2)pNR^R*, -X(CH2)„NHCOR^ or -(CH2)^NHC(N?I)R*; 
R^ and R* independently represent hydrogen, alkyl Cl to 6, -(CHj) A -(CH2)„OA 
or -CH(CH3)(CH2),A; 

or -NR^R* together represent 1-indanyl, piperonylamino-, piperidinyl, morpholinyl, 
pyrrolidinyl, 1,2,3,4-tetrahydroisoqxiinolinyl; or piperazinyl optionally 4-substituted by 
alkyl Cl to 6; 

R^ represents alkyl Cl to 6, perfluoroallqrl Cl to 6, -(CHj) A or 
-OCCH^XA 

A represents phenyl, pyridinyl, pyrimidinyl, or a 5 membered heterocyclic aromatic 
ring containing 1 to 4 heteroatoms selected from O, S and N, which four groups are 
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optionally substituted by one or more groups selected from alkyi CI to 6, halogen, 
nitro, cyano and trifluoromethyl; 

R* represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring 

containing 1 to 4 heteroatoms selected from O, S and N, which three groups are 
5 optionally substituted by one or more groups selected from alkyl Cl to 6, alkoxy CI 

to 6, halogen and perfluoroalkyl Cl to 6; or perfluoroalkyl Cl to 6; 

n and r independently represent an integer in the range 0 to 6 inclusive; 

p and w independently represent an integer in the range 1 to 5 inclusive; 

m represents an integer in the range 2 to 5 inclusive; 
10 q and t independently represent an integer in the range 0 to 5 inclusive; 

s represents an integer in the range 1 to 3 inclusive; 

X represents O or a bond; 

Z represents O, MR' or a bond; 

represents hydrogen or alkyl Cl to 6; 
15 provided that: 

(a) when D contains a heteroatom, it is not coimected to the remainder of the 
compound of formula I through the heteroatom; 

(b) when R^ represents .X(CH2).ZCONR^R* and neither X nor Z represent a 
bond, then n represents an integer in the range 2 to 6 inclusive; 

20 (c) when R^ represents -X(CH2).NHCO(CH2).NR^R* or -X(CH2).^fHCOR^ 
and X represents O, then n represents an integer in the range 2 to 6 inclusive; 

(d) when R^ represents -X(CH2)pNR^R^ and X represents O, then p represents 
an integer in the range 2 to 5 inclusive; 

(e) when R^ represents '(CH^^C(NH)R\ R^ represents hydrogen, D 
25 represents phenyl and R* represents phenyl, then q does not represent 0; 

(f) when R2 represents -(CH2),NHC(NH)R*, R^ represents hydrogen, D and 
R* represent 2-chlorophenyl, then q does not represent 0; 

(g) when R^ represents -(CH2)qNHC(NH)R*, R^ represents hydrogen, D and 
R* represent 3-pyridinyl, then q does not represent 0; and 

30 (h) when R^ represents .(CH2)qNHC(NH)R*, R^ represents hydrogen, D and 
R* represent 4-pyridinyl, then q does not represent 0; 
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or a phannaceutically acceptable salt thereof. 



We prefer that D represents phenyl, pyridinyl or a 5 membered heterocyclic 
aromatic ring containing 1 to 4 heteroatoms selected from O, S and N, 
5 which three groups are optionally substituted by one or more groups selected from 
allq^l CI to 6, alkoxy CI to 6, halogen or perfluoroalkyl CI to 6. 

We particularly prefer that D represents phenyl, thiophene, furan, pyrrole or 
thiazole, which five groups are optionally substituted by one or more groups 
10 selected from alkyl Cl to 6, alkoxy Cl to 6, halogen or perfluoroalkyl CI to 6. 

We more particularly prefer that D represents thiophene, pyrrole, furan or 
thiazole which four groups are optionally substituted by alkyl Cl to 6 or halogen. 

15 We especially prefer than D represents thiophene, furan or pyrrole, most 
especially thiophene. 

We prefer most of aD that D represents 2-thiophene. 

, 20 We prefer that represents hydrogen. 

When represents -X(CH2)„ZCONR^R*, 
-X(CH2)^CO(CH2).NR^R^ or -X(CH2)pNR^R^ we prefer that -NR^R* represents 
piperidinyl, morpholinyl, pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl or 1-indanyl, or 
25 that at least one of R^ and R^ represents -(CHj)^ or -(CH^JOA. We particularly 
prefer that -NR^R^ represents lA3,4-tetrahydroisoquinolinyl or 1-indanyI or that 
one of R^ and R* represents -(CHj)^ and the other represents hydrogen or methyl. 
We especially prefer that one of R^ and R* represents -(CHj)^ and the other 
represents hydrogen or methyl. 

30 

When R^ represents -X(CH2),NHCOR^ we prefer that R^ represents 
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When represents -X(CHj).ZCONR'R*, -X(CH2).NHCO(CH2),NR'R*, 
-X(CH2)pNR'R* or -X(Cli^,NHCOR', we prefer X to represent a bond. 

When represents -X(CH2)„ZC0NR^R* and Z represents NR^, we prefer 
to represent hydrogen. 

When R2 represents -X(CH2)„ZCONR^R^ we prefer Z to represent a bond. 

When R2 represents -(CH2)^NHC(NH)R^ we prefer that R* represents phenyl 
or a 5-membered heterocyclic aromatic ring containing 1 to 4 heteroatoms selected 
from O, S and N, which two groups are optionally substituted by one or more 
groups selected from alkyl CI to 6, alkojgr CI to 6 and halogen. 

f 

When R^ represents -(CH2),NHC(NH)R', we particularly prefer that R* 
represents phenyl or thiophene, which two groups are optionally substituted by one 
or more groups selected from alky] CI to 6 and halogen. 

When R^ represents -(CH2),NHC(NH)R', we prefer that q represents 0, 1 or 2. 
We particularly prefer that q represents 0 or 2, especially 0. 

When R2 represents -(CH2),NHC(NH)R', q represents 0 and R* represents 
phenyl optionally substituted by halogen, alkyl CI to 6, or alkraqr CI to 6 or R* 
represents pyridinyl, then we prefer that D does not have the same definition as R*. 

When R2 represents -(CHj),NHC(NH)R* and q represents 0, then we generally 
prefer than R* does not have the same definition as D. 
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When represents -X(CH2)pNR^R* we prefer that p represents an integer in 
the range 1 to 4 inclusive, particularly 1, 2 or 3, especially 1 or 2. 

When represents -X(CH2),ZC0NR^R\ .X(CH2),NHCO(CH2),NR^R* or 
5 'X(CH^^NHCOR^, we prefer n to represent 1, 2 or 3, especially 2 or 3. 

When R\ R* or R^ represent -(CHj)^ we prefer r to represent an integer in 
the range 0 to 4 inclusive, particularly 0, 1 or 2, more particxilarly 1 or 2, especially 
1. 

10 

When R^ or R* represent -(CtyaOA, we prefer m to represent 2, 3 or 4. 

When R^ represents -©(CHjXA we prefer w to represent 2, 3 or 4. 

15 When R^ or R^ represent -CHMe(CH2)A we prefer t to represent 0, 1 or 2, 
especially 0 or 1. 

We prefer that A represents phenyl, pyridinyl, pyrimidinyl, thiophenyl or furanyl, 
which five groups are optionally substituted by one or more groups selected from 
20 alkyl CI to 6 and halogen- We particularly prefer that A represents phenyl 

optionally substituted one or more groups selected from alkyl Cl to 6 and halogen. 

When D or R^ represent perfluoroalkyl Cl to 6 we prefer that they represent 
pentafluoroethyl or trifluoromethyl, especially trifluoromethyl. 

25 

We prefer that R^ represents 'X(CH^^^R^ or -(CH2)qNHC(NH)R^ 



30 



We prefer that the orientation of R^ is meta or para to the nitrogen atom of the 
amidine moiety. 
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According to the invention, we further provide a process for the preparation of 
compounds of formula I, arid pharmaceutically acceptable salts thereof; which 
comprises: 

(a) preparing a compound of formula I, by reacting a corresponding compound 
5 of formula II 

NH 

wherein D is as defined above and L is a leaving group, 
10 with a compound of formula III 

wherein R} and are as defined above, 
15 (b) preparing a compound of formula I, by reacting a corresponding compound 
of formula IV 



20 



25 



N 



I V 



wherein D is as defined above, 
with a compound of formula V 




wherein and R^ are as defined above and HA is an acid, 
(c) preparing a compoimd of formula I in which R^ represents 
-X(CH2)„ZCONR^R*, -X(CH2)„NHCO(CH2),NR^R' or .X(CH2)pNR^R* and at least 
one of R^ and R^ represents alkyi CI to 6, -(CHj) A -(CH2)„0A or 
30 -CH(CH3)(CH2)^ by reacting a corresponding compound of formula I in 



t) 
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which one or both of and represents hydrogen with a compound of formula 
VI, 

R^-L VI 

5 wherein R* represents alkyi Cl to 6, -(CHj)^ '(^2)mOAk or -CH(CH3)(CH2)tA 
and L is a leaving group, 

(d) preparing a cx)mpoimd of formula I in which R^ represents 
-(CH2)aNHC(NH)R* by reacting a corresponding compound of formula VII 



20 



25 




wherein D, R* and q are as defined above, 
with a compound of formula VHI 

NH 

15 X s ^ " ' 

wherein R^ is as defined above and L is a leaving group, 

(e) preparing a compound of formula I in which R^ represents 

-(CH2)qNHC(NH)R* by reacting a corresponding compound of formula IX 



IA.HjM(CHj),4j-M I 



wherein D, R\ q and HA are as defined above, 
with a compound of formula X 

N 



wherein is as defined above, 
30 (f) preparing a compound of formula I in which represents 

-X(CH2)aZCONR'R* by reacting a corresponding compound of formula XI, 
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wherein D, R\ X, n, Z and L are as defined above, 
5 with a compound of formula XII, 

R^R^NH X I I 

wherein and are as defined above, 

(g) preparing a compound of formula I in which R^ represents 
10 -X(CH2),NHCO(CH2)J^^R*, by reacting a compound of formula XHI 



wherein D, R\ X and n are as defined above, 
15 with a compound of formula XTV 

R^R*N(CH2)3C0L XIV 

wherein R^ R* and s are as defined above and L is a leaving group, 
(h) preparing a compound of formula I in which R^ represents 

20 -X(CH2)aNHCOR^ by reacting a compound of formula XHI with a compound of 
formula XV 

R^COL XV 

wherein R^ is as defined above and L is a leaving group, 
25 (i) preparing a compound of formula I in which R^ represents 

-X(CH2),ZC0NR'R^ and Z represents NR' by reacting a corresponding compound 
of formula I in which R^ represents -X(CH2)nZCONR^R* and Z represents -NH 
with a compound of formula XVI 

R^-L XVI 

30 

wherein R' is as defined above and L is a leaving group, 
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(j) preparing a compound of formula I in which represents -X(CH2)pNR^R\ 
and p is not less than 2, by reduction of a compound of formula XVII 

wherein D, X, R\ R\ R* and p are as defined above, 
(k) preparation of a compound of formula I wherein R^ represents 

-X(CH2)pNR^R* and both R^ and R* represent hydrogen, by reduction of a 
10 corresponding compound of formula XVin 

wherein R\ D, p and X are as defined above, 
15 (1) preparing a compound of formula I wherein R^ represents 

-X(CH2)„ZC0NR^R^ Z represents O or NR' and R^ represents hydrogen by 
reacting a compound of formula XIX 

wherein R\ D, X and n are as defined above and Z represents O or NR^ 
with a compound of formula XX 

R^"N-C-0 XX 

25 wherein R* is as defined above, 

(m) preparing a compound of fonnula I wherein R^ represents 
-X(CH2)bNHC0R^ and R^ represents -OCCHJ^ by reacting a compound of 
formula XXI 

30 f]^V""' XXI 
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wherein D, X and n are as defined above, 
with a compound of fonnula XXII 

ACCHJ^OH XXII 
wherein A and w are as defined above, 

(n) preparing a compound of formula I wherein represents 
-X(CH2),»ZCONR^R* and Z represents O or NR' by reacting a compound of 
formula XIX with a compound of formula XXm 

0 

11 XX 1 I I 



wherein R^ and R* are as defined above, 

(o) preparing a compound of formula I wherein R^ represents -X(CH2)pNR^R*, 
R^ represents hydrogen and p represents an integer 2 to 5, by reduction of a 
15 compound of formula XXIV 

wherein R\ R*, D, X and p are as defined above, 
20 (p) preparing a compound of formula I wherein R^ represents -X(CH2)pNR^R\ 
one of R^ and R* represents hydrogen, and the other represents -(CHj)^ in which 
r represents an integer 2 to 6, by reduction of a compound of formula XXV 

J^W""' XXV 

wherein R\ A, D, r and p are as defined above, 
(q) preparing a compound of formula I wherein R^ represents - 

X(CH2)pNR^R\ one of R^ and R* represents hydrogen, and the other represents - 
(CR^^OA, by reduction of a compound of formula XXVI 

30' 
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wherein A, D, p and m are as defined above, 
5 (r) preparing a compound of formula I wherein represents -X(CH2)pNR^R\ 
one of R^ and R* represents hydrogen, and the other represents -(CH2) A ^ which 
r represents an integer 2 to 6, by reduction of a compound of formula XXVH 

wherein R\ A, D, p and r are as defined above, or 

(s) preparing a compound of formula I wherein R^ represents -X(CH2)pNR*'*R*, 
one of R^ and R* represents hydrogen, and the other represents -(CH^JDA, by 
reduction of a compoimd of formula XXVin 

XXVIII 



15 



*0(CH2)„.,CONH(CH2) 



wherein R\ A, D, p and m are as defined above, 

and where desired or necessary converting the resultant compound of 
20 formula I, or another salt thereof; to a pharmaceutically acceptable salt thereof, or 
vice versa . 

In process (a), the reaction will take place on stirring a mixture of the reactants 
in a suitable solvent, for example a lower alkanol e.g. ethanol, isopropanol or 

25 tertiary butanol, at a temperature between room temperature and the reflux 

temperature of the solvent. The reaction time will depend inter alia on the solvent 
and the nature of the leaving group, and may be up to 48 hours, however it will 
typically be from 1 to 5 hours. Suitable leaving groups that L may represent 
include thioalkyl, sulphonic acid, trifiuorocarbon sulphonic acid, halide, alkyl and 

30 aryl alcohols and tosyl groups; others are recited in 'Advanced Organic Chemistry*, 
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J. March (1985) 3rd Edition, McGraw-Hill on page 315 and are well known in the 
art. 

In process (b), the reaction is preferably performed by refluxing a mixture of the 
5 two compounds for several hours in the presence of a suitable solvent whereby the 
reaction temperature is high enough so that condensation takes place readily, but 
not sufficiently high to decompose the amidine formed. The reaction temperature 
can vary from room temperature to about 250 "^C, although it is preferable to 
perform the reaction at temperatures from about 100 **C to 200 ^'C. We find that o- 
10 dichlorobenzene is a particularly suitable solvent and it is useful to add 4- 

dimethylaminopyridine as a catalyst. On cooling, two layers form, the solvent may 
be decanted, and the reaction worked up by addition of aqueous base. 
Alternatively, where the reactants are soluble in the solvent, the solvent may be 
evaporated off under vacuum and the reaction mixture worked up by addition of 
15 water. The acid HA may be an organic or inorganic acid, for instance, 

hydrochloric, hydrobromic, hydroiodic, sulphuric, nitric, phosphoric, acetic, lactic, 
succinic, fumaric, malic, maleic, tartaric, citric, benzoic or methanesulphonic acid. 

In process (c), the reaction will take place under standard conditions, for 
20 , example by reacting the two materials in an inert solvent under basic conditions at 
room temperature for a period of up to 12 hours. We have frequently foimd it 
desirable to treat the amine with NaH before reacting with the compound of 
formula II. We prefer that L represents halide, particularly bromide, 

25 Process (d) may be performed under conditions analogous to those described 
above for process (a). 

Process (e) may be performed imder conditions analogous to those described 
above for process (b). 

30 
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Processes (f), (g) and (h) may be performed under the standard conditions well 
known in the art for condensation of an amine and a carboxylic acid or an activated 
carboxylic acid to form an amide. For example, reaction of compounds to form 
the amide may be achieved on stirring the reactants for 12-24 hours at a 
5 temperature between 0 °C and 25 *C in water or a mixture of water and a less 
polar solvent, for example dioxan, tetrahydrofuran or ethanol. We prefer to 
perform the reaction under basic conditions, e.g. in the presence of aqueous sodium 
carbonate or sodium bicarbonate. 

10 Process (i) may be performed under standard conditions analogous to those 
given above for process (c). 

In process (j), the reduction may be perfomed by treatment with diborane in an 
inert solvent e.g. THF. Alternative although less preferred reagents which may be 
15 suitable include lithium aluminium hydride and reagents for catalytic hydrogenation 
e,g. Hj on Pd/C Further details of the reaction conditions for use of these 
reactions may be obtained by reference to J. March "Advanced Organic Chemistry" 
on page 1099, including the references cited therein. 

20 In process (k), the reduction reaction may be performed under a number of 
conditions, for example those described in J March "Advanced Organic Chemistry" 
on pages 1103-1104. These include catalytic hydrogenation, use of Zn, Sn or Fe 
metal, AIH3-AICI3, sulphides and others. We prefer to perform the reaction by 
hydrogenation at atmospheric pressure for 3-6 hours in the presence of a palladium 

25 and carbon catalyst. 

In process (1) and (m), the reaction may be performed by stirring the reactants 
in the presence of an inert soh^ent at a temperature between room temperature 
and the reflux temperatiu-e of the solvent for up to 24 hours. 

30 
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5 



10 



15 



20 



25 



Process (n) may be performed under conditions analogous to those described 
above for processes (f), (g) and (h). 

In processes (o), (p) and (q), the reduction may be performed by treating the 
compound with sodium borohydride xmder standard conditions. 

In processes (r) and (s), the reaction may be performed under conditions 
analogous to those described above for process (j). 

Salts of compounds of formula I may be formed by reacting the free acid, base 
or a salt, enantiomer, tautomer or protected derivative thereof, with one or more 
equivalents of the appropriate base or add. The reaction may be carried out in a 
solvent or medium in which the sah is insoluble or in a solvent in which the salt is 
soluble, eg water, dioxan, ethanol, tetrahydrofuran or diethyl ether, or a mixture of 
solvents, which may be removed in vacuo or by freeze drying. The reaction may be 
a metathetical process or it may be carried out on an ion exchange resin. 

It will be apparent to a person skilled in the art that it may be desirable to 
protect a hydroxy, amine or other reactive group using a protecting group as 
described in the standard text Trotecting groups in Organic Synthesis", 2nd Edition 
(1991) by Greene and Wuts. Amine-protecting groups which may be mentioned 
include alkyloxycarbonyl C2 to 7, eg t-butyloxycarbonyl, phenylalkyloxycarbonyl C8 
to 13, eg benzyloxycarbonyl or preferably trifluoroacetate. Deprotection will 
normally take place on treatment with aqueous base. 

Compounds of formula 11 are either known or may be prepared by known 
methods. For example, compounds of formula n in which L represents thioalkyl 
may be prepared by treatment of the corresponding thiamide of formula XXDC 



s 
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wherein D is as defined above, 
with an alkyliodide. 

The compounds of foranila HI may be prepared by reduction of a 
5 corresponding compound of formula XXX 




XXX 



10 wherein and are as defined above. 

The reduction reaction may be performed under analogous conditions to those 
described above for process (k). 

Certain compounds of formula XXX are either known or may be prepared by 
conventional methods known per se . Other compounds of formxila XXX may be 
15 prepared from known compounds with simpler side-chains by following analogous 
processes to those described above for processes (c) to (s). 

Compounds of formula V may be prepared by analogous processes to those 
described for the preparation of compounds of formula III. Compounds of formula 
20 V may be converted to corresponding compounds of formula HI by treatment with 
a base. Compounds of formula HI may be converted to corresponding compounds 
of formula V by treatment with a protic add HA, for example one of those listed 
above. 

25 Compounds of formula Vn, DC, XI, Xm, XVn, XVm, XIX, XXI, XXIV, XXV, 
XXVI, XXVn and XXVIU may be prepared by analogoxis processes to those 
described for the preparation of compoimds of formula L 



30 



Compounds of formula VIII are either known or may be prepared by an 
analogous process to that described above for preparation of compounds of formula 
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Compounds of formula IV, VI, X, XE, XVI, XX, XXH, XXIH and XXDC are 
either known or may be prepared by conventional methods known per se . 

Compounds of formula XIV and XV are either known or may readily be 
5 prepared from the corresponding carboxylic acid which is either known or may be 
prepared by conventional methods known per se . 

Where necessary, hydro^gr, amine or other reactive groups in intermediate 
compounds may be protected using a protecting group as described in the standard 
10 text "Protecting groups in Organic Synthesis", 2nd Edition (1991) by Greene and 
Wuts. 

The compounds of the invention and intermediates may be isolated from their 
reaction mixtures by standard techniques. 

15 

The term "alkyl Cl to 6* includes straight chain, branched, saturated, 
unsaturated, aliphatic and cyclic alkyl groups containing 1 to 6 carbon atoms. 

The compounds of formula I may exist in tautomeric, enantiomeric or 
20 diasteriomeric forms, all of which are included within the scope of the invention. 
The various optical isomers may be isolated by separation of a racemic mixture of 
the compounds using conventional techniques, e.g. fractional crystallisation, or 
HPLC Alternatively the individual enantiomers may be made by reaction of the 
appropriate optically active starting materials imder reaction conditions which will 
25 not cause racemisation. 

Intermediate compounds may also exist in enantiomeric forms and may be used 
as purified enantiomers, diastereomers, racemates or mixtures. 

30 The compounds of general formula I possess useful pharmacological activity in 
animals. In particular, they possess useful nitric oxide synthetase inhibiting activity, 
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and are expected to be useful in the treatment or prophylaxis of human diseases or 
conditions in which the synthesis or oversynthesis of nitric oxide forms a 
contributory part; for example, hypoxia, e,g. in cases of cardiac arrest and stroke, 
neurodegenerative disorders including nerve degeneration and/or nerve necrosis in 
5 disorders such as hypoxia, hypoglycemia, epflepsy, and in external wounds (such as 
spinal cord and head injury), hyperbaric ojygen convulsions and toxicity, dementia 
e.g. pre-senile dementia, Alzheimer's disease and AIDS-related dementia, 
Sydenham's chorea, Parkinson's disease, Huntington's disease, Amyotrophic Lateral 
Sclerosis, Korsakoff's disease, imbecility relating to a cerebral vessel disorder, 

10 sleeping disorders, schizophrenia, depression, seasonal affective disorder, jet-lag, 
depression or other symptoms associated with Premenstrual Syndrome (PMS), 
anxiety and septic shock. Compounds of formula I may also be expected to show 
activity in the prevention and reversal of tolerance to opiates and diazepines, 
treatment of drug addiction, relief of pain and treatment of migraine and other 

15 vascular headaches. The compounds of the present invention may also show useful 
immunosuppressive activity, be useful in the treatment or prophylaxis of 
inflanmiation, in the treatment of of gastrointestinal motility disorders, and in the 
induction of labour. 

20 Compounds of formula I are expected to be particularly useful in the treatment 
of neurodegenerative disorders or of migraine or for the prevention and reversal of 
tolerance to opiates and diazepines or for the treatment of drug addiction and 
especially in the treatment of neurodegenerative disorders. 

25 ■ Thus according to a further aspect of the invention we provide a comporad of 
formula I, or a pharmaceutically acceptable salt thereof, for use as a 
pharmaceutical. 



30 



According to another feature of the invention we provide the use of a 
compound of formula I, without provisos (e) to (h), or a pharmaceutically 
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acceptable salt thereof, in the manufacture of a medicament for the treatment of 
the aforementioned diseases or conditions. 

For the above mentioned therapeutic indications, the dosage administered will, 
5 of course, vary with the compound employed, the mode of administration and the 
treatment desired. However, in general, satisfactory results are obtained when the 
compounds are administered to a human at a daily dosage of between 1 mg and 
2000 mg (measured as the solid form) per day. 

10 The compoimds of formula I, and pharmaceutically acceptable salts thereof, 
may be used on their own, or in the form of appropriate medicinal preparations for 
enteral or parenteral administration. 

According to the invention, there is provided a pharmaceutical formulation 
15 including preferably less than 80% and more preferably less than 50% of a 

compound of formula I, or a pharmaceutically acceptable salt thereof, in admixture 
with a pharmaceutically acceptable diluent or carrier. 

There is also provided a method of treatment of one of the aforementioned 
20 diseases or conditions which comprises administering a therapeutically effective 
amount of a compound of formula I, without provisos (e) to (h), or a 
pharmaceutically acceptable salt thereof, to a person suffering from such a disease 
or condition. 

25 Examples of such diluents and carriers are: for tablets and dragees: lactose, 
starch, talc, stearic acid; for capsules: tartaric acid or lactose; for injectable 
solutions: water, alcohols, glycerin, vegetable oils; for suppositories: natural or 
hardened oils or waxes. 

30 Compositions in a form suitable for oral, i.e. oesophageal administration include: 
tablets, capsules and dragees; sustained release compositions include those in which 
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the active ingredient is bound to an ion exchange resin which is optionally coated 
with a diffusion barrier to modify the release properties of the resin. 

The enzyme nitric oxide synthetase has a number of isoforms and compounds of 
5 formula I, or pharmaceutically acceptable salts thereof, may be screened for nitric 
oxide synthetase activity by procedures based on those of Bredt and Snyder in Proc 
NaU. Acad. Sci. (1990) 87, 682-685 and Forstermann et, al. (1992) Eur. J. Pharm. 
225,161-165 as follows. Nitric oxide synthetase converts ^H-L-arginine to ^H-L- 
citrulline which can be separated by cation exchange chromatography and 
10 quantified by liquid scintillation counting. 

Screen A 

(A) Screen for neuronal nitric oxide synthetase activity 

Enzyme was isolated from rat hippocampus or cerebellum. The cerebellum or 

15 hippocampus of a male Sprague-Dawley rat (250-275g) is removed following COj 
anaesthesia of the animal and decapitation. Cerebellar or hippocampal supernatant 
is prepared by homogenisation m 50 mM Tris-HQ with 1 mM EDTA bufEer (pH 
7.2 at 25 X) and centifugation for 15 minutes at 20,000 g. Residual L-arginine is 
removed fram the supernatant by chromatography through Dowex AG-50W-X8 

20 sodium form and hydrogen form columns successively, and further centrifugation at 
1000 g for 30 seconds. 

For the assay, 25 ^l of the final supernatant is added to each of 12 test tubes 
containing 25 /xl L-arginine solution (of concentration 18 /iM *H-L-arginine, 96 nM 
^H-I^arginine) and either 25 ^tl of an assay buffer (50 mM HEPES, 1 mM EDTA, 

25 1.5 mM CaClj, pH 7.4) or 25 til of test compound in the buffer at 22 ""C, To each 
test tube was added 75 /il of complete assay buffer (50 mM HEPES, 1 mM EDTA, 
IJ mM Caa^ , 1 mM DTT, 100 nM NADPH, 10 ng/ml calmodulin, pH 7.4) to 
initiate the reaction and the reaction is stopped after 10 minutes by addition of 2 ml 
of a termination buffer (20 mM HEPES, 2 mM EDTA, pH 5.5). 

30 Labelled L-citrulline is separated from labelled L-arginine by chromatography 
over a Dowex AG-50W-X8 200-400 mesh column. 1 ml of each terminated 
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reaction is added to an individual 1 ml column and the eluant combined with that 
from two 1 ml distilled water washes and 16 ml of scintillation cocktail The L- 
citnilline is then quantified by scintillation counting. 

In a typical experiment using the cerebellar supernatant, basal activity is 
increased by 20,000 dpm/ml of sample above a reagent blank which has an activity 
of 7,000 dpm/ml. A reference standard, N-nitro-L-arginine, which gives 60% 
inhibition of nitric oxide synthetase at a concentration of 1 /xM, is tested in the 
assay to verify the procedure. 

Screen B 

(B) Screen for macrophage nitric oxide synthetase activity 

Enzyme is prepared, after induction, from the cultured murine macrophage cell 
line J774A-1 (obtained from laboratories of the Imperial Cancer Research Fund). 
J774A-1 cells are cultured in Dulbecco's Modified Eagles Medium (DMEM) 
supplemented with 10% foetal bovine serum, 4 mM L-glutamine and antibiotics 
(100 units/ml penicillin G, 100 ^Lgfml streptomycin & 0.25 /xg/ml amphotericin B). 
Cells are routinely grown in 225 cm^ flasks containing 35 ml medium kept at 37 "C 
and in a humidified atmosphere containing 5% CO^. 

Nitric oxide synthetase is produced by cells in response to interferon-7 (IFN7) 
and lipopolysaccharide (LPS). The medium from confluent culture flasks is removed 
and replaced with 25 ml (per flask) of fresh medium containing 1 /ig/ml LPS and 10 
units/ml IFN7. After a period of 17-20 hours in culture, harvesting of cells is 
accomphshed by scraping the cell sheet from the flask surface into the culture 
medium. Cells are collected by centrifugation (lOOOg for 10 minutes) and lysate 
prepared by adding to the cell pellet a solution containing 50 mM Tris-HQ (pH 7.5 
at 20 ^C), 10% (v/v) glycerol, 0.1% (v/v) Triton-X-100, 0.1 dithiothreitol and a 
cocktail of protease inhibitors comprising leupeptin (2 /xg/ml), soya bean trypsin 
inhibitor (10 fig/ml), aprotinin (5 Mg/ml) & phenylmethylsulphonyl fluoride (50 
Mg/ml). 

For the assay, 25 fi\ substrate cocktail (50 mM Tris-HQ (pH 7.5 at 20 "C), 400 
mM NADPH, 20 /iM flavin adenine dinucleotide, 20 /iM flavin mononucleotide, 4 
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fiM tetrahydrobiopterin, 12 /iM L-arginine and 0.025 ^Ci L-pH] argmine) is added 
to wells of a 96 well filter plate (0.45/iM pore size) containing 25 ^1 of a solution of 
test compound in 50 mM Tris-HQ. The reaction is started by adding 50 ^1 of cell 
lysate (prepared as above) and after incubation for 1 hour at room temperature is 
5 terminated by addition of 50 ^1 of an aqueous solution of 3 mM nitroarginine and 
21 mM EDTA. 

Labelled L-citrulline is separated from labelled L-arginine using Dowex AG- 
SOW. 150 Ml of a 25% aqueous slurry of Dowex 50W (Na"*" form) is added to the 
assay after which the whole is filtered into 96 well plates. 70 ^1 of filtrate is 
10 sampled and added to wells of 96 well plates containing solid scintiUant. After 
allowing the samples to dry the L-citrulline is quantified by scintfllation coimting. 

In a typical experiment basal activity is 300 dpm per 70 ^1 sample which is 
increased to 1900 dpm in the reagent controls. Aminoguanidine, which gives an 
IC50 (50% inhibitory concentration) of 10 /xM, is tested as a standard to verify the 
15 procedure. 

Screen C 

(C) Screen for endothelial nitric oxide synthetase activity 

Enzyme may be isolated from human umbilical vein endothelial cells (HUVECs) 

20 by a procedure based on that of Pollock et al (1991) Proc. Nat. Acad. Sci., 88, 
10480-10484. HUVECs were purchased from Qonetics Corp (San Diego, CA, 
USA) and cultured to confluency. Cells can be maintained to passage 35-40 
without significant loss of yield of nitric oxide synthetase. When cells reach 
confiuency, they are resuspended in Dulbecco's phosphate buffered saline, 

25 centrifuged at 800 rpm for 10 mins, the cell pellet homogenised in ice-cold 50 mM 
Tris-HCl, 1 mM EDTA, 10% glycerol, 1 mM phenyhnethylsulphonylfluoride, 2 /iM 
leupeptin at pH 4.2. Following centrifugation at 34,000 rpm for 60 mins, the pellet 
is solubilised in the homogenisation buffer which also contains 20 mM CHAPS, 
After a 30 min incubation on ice, the sxispension is centrifuged at 34,000 rpm for 30 

30 mins. The resulting supernatant is stored at -80 **C until use. 
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For the assay, 25 m1 of the final supernatant is added to each of 12 test tubes 
containing 25 /il L-arginine solution (of concentration 12 mM ^H-L-arginine, 64 nM 
^H-L-arginine) and either 25 /xl of an assay buffer (50 mM HEPES, 1 mM EDTA, 
1.5 mM CaClj, pH 7.4) or 25 /zl of test compound in the buffer at 22 To each 
test tube was added 25 ijlI of complete assay buffer (50 mM HEPES, 1 mM EDTA, 
1.5 mM CaQj, 1 mM DTT, 100 /xM NADPH, 10 /ig/ml calmodulin, 12 /iM 
tetrahydrobiopterin, pH 7.4) to initiate the reaction and the reaction is stopped 
after 10 mins by addition of 2 ml of a termination buffer (20 mM HEPES, 2 mM 
EDTA, pH 5.5). 

Labelled L-citrulline is separated from labelled L-arginine by chromatography 
over a Dowex AG-50W.X8 200-400 mesh column. 1 ml of each terminated 
reaction is added to an individual 1 ml column and the eluant combined with that 
from two 1 ml distilled water washes and 16 ml of scintillation cocktail. The L- 
citrulline is then quantified by scintillation coimting. 

In a typical experiment, basal activity is increased by 5,000 dpm/ml of sample 
above a reagent blank which has an activity of 1500 dpm/ml. A reference standard, 
N-nitro-I^arginine, which gives 70-90% inhibition of nitric oxide synthetase at a 
concentration of 1 /iM, is tested in the assay to verify the procedure. 

Compounds may also be tested in an ex-vivo assay to determine the iextent of brain 

penetration. 

Screen D 

(D) Ex vivo assay for neuronal nitric oxide synthetase activity 

Male Sprague-Dawley rats (250-275g) were dosed intravenously at lOmg/kg with 
test compound dissolved in 0.9% saline or with saline alone as control. At a 
predetermined time (typically 2-24 hours) after treatment, the animals were 
sacrificed, the cerebellum removed and the supernatant prepared and assayed for 
nitric oxide synthetase activity as described in Screen A. 

As a further confirmatory test, a fi-action of the cerebellar supernatant was 
applied to a 2'-5'-ADP Sepharose column (which binds nitric oxide synthetase) and 
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subsequently eluted with NADPH. The eluant was tested for nitric oxide synthetase 
activity following the procedure of Screen A. 

Compounds that penetrate the rat brain and inhibit neuronal nitric oxide 
synthetase resulted in reduced nitric oxide synthetase activity both in the 
5 supernatant preparation and in the eluant from the 2*-5'-ADP Sepharose column. 

In the screens for nitric oxide synthetase inhibition activity, compound activity is 
expressed as IC50 (the concentration of drug substance which gives 50% en^rme 
inhibition in the assay). IC50 values for test compounds were initially estimated 
10 from the inhibiting activity of 1, 10 and 100 solutions of the compounds. 
Compounds that inhibited the enzyme by at least 50% at 10 ^M were retested 
using more appropriate concentrations so that an IC50 could be determined. 

In Screen A above (a screen for activity against the neuronal isoform of nitric 
15 oxide synthetase), the compound of Example 1 below gave an IC50 of less than 10 
fjM indicating that it is expected to show useful therapeutic activity. In Screens B 
and C (the screens for activity against the macrophage and endothelial isoforms of 
nitric oxide synthetase) the compound of Example 1 gave IC50 values more than 10 
times that obtained in Screen A indicating that it shows desirable selectivity. 

20 

The compounds of Examples 2-20, 21(a)-(n), 22(a).(e), 23(a)-(f), 24-26, 27(a), 
(b), 28-47 and 49-71 were tested in Screen A and also gave IC50 values of less than 
10 /iM. Example 48 was tested in Screen A and gave an IC50 value of less than 100 
tjM. Example 72 was tested in Screen A and gave 17% inhibition at 10 fiM. Thus 
25 these compounds are also expected to show useful therapeutic activity. 

Compounds of formula I, and pharmaceutically acceptable salts thereof have 
the advantage that they are less toxic, more efficacious, more selective, are longer 
acting, have a broader range of activity, are more potent, produce fewer side 
30 effects, are more easily absorbed, or have other useful pharmacological properties 
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than compounds previously known and used in the therapeutic fields mentioned 
above. 

Compounds of formula I, and pharmaceutically acceptable salts thereof, may 
5 also have the advantage that they are more selective for the neuronal isoform of 
nitric oxide synthetase enzyme and are therefore expected to show useful 
therapeutic activity with a reduced side-effect profile associated with inhibition of 
the other isoforms. 

10 The invention is illustrated by the following examples: 

Example 1 

N-r4-f2-rfDhenvlmethvl1amino1ethvnphenvlV2-thiophenecarboximidamide 

(a) N-f2-r4-nitrQphenvnethvl'itrifluoroacetamide 

15 To a stirred solution of 4.nitrophenethylamine hydrochloride (1.84 g, 9.10 nraiol) 
and triethylamine (3.03 ml, 21.70 mmol) in methanol (12 ml) was added 
trifluoroacetic anhydride (IJl ml, 10.66 mmol) dropwise. After stirring for 1 
minute, the solvent was removed at reduced pressure and the remaining residue 
was mixed with water and extracted with methylene chloride (3 X 20 ml). The 

20 combined extracts were washed with water, dried over magnesium sulfate, filtered, 
and concentrated to yield a solid which was recrystallized from methylene 
chloride/hexane to give N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide as a white 
soUd: 1.92 g (80% yield); m.p. 103-104 «C 

(b) N-f2-r4-nitrophenvnethvlVN-rphenvlmethvl1trifluoroacetamide 

25 To a stirred solution of the produa of step (a) (0.89 g, 3.40 mmol) in THF (5 ml) 
at 0 ''C was added NaH (60%, 0.18 g, 4.42 mmol) followed by benzyl bromide (0.50 
ml, 4.10 mmol). The mixture was stirred at room temperature for 6 h, quenched 
with water, and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts 
were washed with water, dried over magnesium sulfate, filtered, concentrated, and 

30 chromatographed over silica gel (18% ethylacetate/hexane) to give N(2-(4- 



J 
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iutrophenyl)ethyI)-N-(phenylrnethyl)tri£luoroacetainide as a colourless oil: (0 J2 g, 
44%); M.S. (M+H)^= 353. 

(c) W2'( 4-aminophenvnethvlVN-f phenvlmethyntrifluoroacetamide 

To a stirred solution of the product of step (b) (0,52 g, 1.48 mmol) in THF/MeOH 
5 (100 ml, 1:1) was added a catalytic amount of 10% Pd/C The mixture was 
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give 
N(2-(4-aminophenyI)ethyl)-N-(phenylmethyl)trifluoroacetamide which was 
homogeneous by TLC and used inmiediately in the next reaction. 

(d) S-methvl-2-thiophenethiocarboximide hvdroiodide 

10 A solution of 2-thiophenecarboxthioamide (Maybridge Chemical) (11.1 g) in 60ml 
of acetone was treated with iodomethane (13.4g). After 6 hrs at 22 **C, the 
resulting yeUow solids were collected by filtration, washed twice with 25ml of 
acetone and dried to provide 18.45 g of S-methyI-2-thiophenethiocarboximide 
hydroiodide, m.p.l95 **C (dec). 

15 (e) N-r 4-f 2-f r phenvlmethvnamino'jethvnphenvlV2-thiophenecarboximidamide 
To a solution of N(2-(4-aminophenyl)ethyl)-N-(phenylmethyl)trifluoroacetamide 
(0.48 g, 1.48 mmol) in isopropanol (6 ml) was added S-methyl-2- 
thiophenethiocarboximide hydroiodide (0.42 g, 1.48 mmol). The mixture was stirred 
for 4 hr, diluted with methanol (5 ml) and 2 N NaOH (6 ml) and heated to 70 °C 

20 for 1 hr. The solvents were removed at reduced pressure, and the residue was 
dumped into water and extracted with ethyl acetate ( 3 X 30 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, filtered, and 
concentrated to give a solid which was recrystalhzed (ethyl acetate/hexane) to yield 
N-(4-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white 

25 soUd: (0.17 g, 34%); m.p. 116-118 ^'C 

Example 2 

N-r4-ri-frDhenvlmethvDamino')methvnphenvIV2-thiophenecarboximidamide 
(a) N-rf4-nitrophenvl'}methvl')trifluoroacetamide 
30 To a stirred solution of 4-nitrobenzylamine hydrochloride (4.06 g, 2U mmol) and 
triethylamine (6.60 ml, 47.4 mmol) in methylene chloride (30 ml) was added 



I 
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trifluoroacetic anhydride (3.34 ml, 23.7 mmol) dropwise. After stirring for 1 minute, 
water was added and the layers separated. The aqueous layer was further extracted 
with methylene chloride (3 X 20 ml) and the combined extracts were washed with 
water, dried over magnesium sulfate, filtered, and concentrated to yield a solid 
5 which was reciystallized from methylene chloride/hexane to give N-((4- 

nitrophenyl)methyl)trifluoroacetamide as a white solid: 3.9 g (73% yield); m.p. 97- 
98 

(h^ N-f r 4-nitrQph envnmethvlVN-f phenvlmethvntrifluoroacetamide 

To a stirred solution of the product of step (a) (1.0 g, 4.03 mmol) in THF (10 ml) 

10 at 0 ^'C was added NaH (60%, 0.21 g, 5.24 mmol) followed by benzyl bromide (0.72 
ml, 4.84 mmol). The mixture was stirred at room temperature for 12 h, quenched 
with water, and extracted with ethyl acetate( 3 X 30 ml). The combined extracts 
were washed with water, dried over magnesium sulfate, filtered, concentrated, and 
chromatographed over silica gel (16% ethylacetate/hexane) to give N-((4- 

15 nitrophenyl)methyl)-N-(phenyImethyl)trifluoroacetamide as a colorless oil: (0.50 g, 
40%); M.S. (M+H)*= 339. 

(c) Nrf4-aminophenvnmethvlVN-rphenvlmethvntrifluoroacetamide 

To a stirred solution of the product of step (b) (1.76 g, 5.16 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was 
20 hydrogenated at 50 psi for 0.5 hr, filtered through cehte, and concentrated to give 
N((4-aminophenyI)methyl)-N-(phenyImethyl)trifluoroacetamide which was 
homogeneous by TLC and used immediately in the next reaction. 

(d) Nf-4-n-rfphenvlmethvnamino'imethvnphenvlV2-thiophenecarboximidamide 
To a solution of the product of step (c) (1.60 g, 5,16 mmol) in isopropanol (6 ml) 

25 was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of 

Example 1, step (d)) (1.47 g, 5.16 mmol). The mixture was stirred for 24 hr at 40 
**C, dfluted with methanol (5 ml) and 2 N NaOH (15 ml) and heated to 70 **C for 1 
hr. The solvents were removed at reduced pressure, and the residue was dumped 
into water and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts 

30 were washed with water, dried over magnesium sulfate, filtered, concentrated and 
chromatographed over silica gel (8% methanol/ methylene chloride) to give a solid 
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which was reciystallized (ethyl acetate/hexane) to yield N-(4-(l- 
((phenyhnethyl)amino)methyl)phenyl)-2-thiophenecarboximidainide as a white solid: 
(60mg,4%); m.p. 73-74 

5 Example 3 

N-r 4-f l-rrphenethvl')amino'lmethvnpheTivlV2-thiophenecarboximidarnide 
(a) N-f2-phenvlethvl'>trifluoroacetamide 

To a stirred solution of phenethylamine (4,91 g, 40.5 mmol) and triethylanraie (6.50 
ml, 46.6 mmol) in methylene chloride (30 ml) was added trifluoroacetic anhydride 

10 (6.3 wlj44.6 mmol) dropwise. After stirring for 1 minute, water was added and the 
layers separated. The aqueous layer was further extracted with methylene chloride 
(3 X 40 ml) and the combined extracts were washed with water, dried over 
magnesium sulfate, filtered, and concentrated to yield a solid which was 
reciystallized from methylene chloride/hexane to give N-(2- 

15 phenylethyl)trifluoroacetamide as a white solid:, 6.0 g 69% yield); m.p. 50-52 **C. 
(h) N-f 2-phenvlethvlVN-f ( 4-nitrophenvnmethvntrifluoroacetamide 
To a stirred solution of the product of step (a) (2,0 g, 9.26 mmol) in THF (10 ml) 
at 0 °C was added NaH (60%, 037 g, 9.26 mmol) followed by 4-nitrobenzyl 
bromide (1.0 g, 4.63 mmol). The mixture was stirred at room temperature for 1 hr, 

20 quenched with water, and extracted with ethyl acetate (3 X 30 ml). The combined 
extracts were washed with water, dried over magnesium sulfate, filtered, 
concentrated, and chromatographed over silica gel (16% ethylacetate/hexane) to 
give N-(2- phenylethyl)-N-((4-nitrophenyl)methyl)trifluoroacetamide as a colorless 
ofl: (1.60 g, 98%); M.S. (M-hH)*= 353. 

25 (c) N-f 2-phenvlethvlVN-f ( 4-aminophenvnmethvntrifluoroacetamide 

To a stirred solution of the product of step (b) (1.60 g, 4.54 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was 
hydrogenated at 50 psi for 0.75 hr, filtered through celite, and concentrated to give 
N-(2-phenylethyl)-N-((4-aminophenyl)methyl)trifluoroacetamide which was 

30 homogeneous by TLC and used immediately in the next reaction. 

(d) N-f 4-f l'( f 2-phenvlethvnamino'imethvnphenvl V2-thiophenecarboximidamide 
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To a solution of the product of step (c) (1.47 g,4,54 ininol) in isopropanol (5 ml) 
was added S-methyl-2-thiophenethiocarboxiniide hydroiodide (the product of 
Example 1, step (d)) (1,30 g,4.54 mmol). The mixture was stirred for 24 hr at 40 
°C, diluted with methanol (5 ml) and 2 N NaOH (10 ml) and heated to 70 °C for 1 
5 hr. The solvents were removed at reduced pressure, and the residue was dumped 
into water and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts 
were washed with water, dried over magnesium sulfate, filtered, concentrated and 
chromatographed over silica gel (10% methanol/methylene chloride) to give a solid 
which was recrystallized (ethyl acetate/hexane) to yield N-(4-(l-((2- 
10 phenylethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide as a white solid: (20 
mg, 2%); M.S. (M+H)*= 336, 

Example 4 

N«r4-r2-fr2-ch] orophenvlmethvnamino'lethvDphenvlV2-thiophenecarboximidamide 

15 (a) N-l' 4-nitrophcnvnethvl VN-f r2-chlorophenvl'lmethvl')trifluoroacetamide 

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product 
of Example 1 step (a)) (2.0 g, 7.63 mmol) and a catalytic amount of 15-crown-5 in 
THF (10 ml) at 0 **C was added NaH (60%, 0.18 g, 4.42 mmol) followed by 2- 
chlorobenzyl bromide (1.49 ml, 11.45 mmol). The mixture was stirred at room 

20 temperature for 2 hr, quenched with water, and extracted with ethyl acetate( 3 X 30 
ml). The combined extracts were washed with water, dried over magnesium sulfate, 
filtered, concentrated, and chromatographed over silica gel (18% 
ethylacetate/hexane) to give N-(2-(4-nitrophenyl)ethyl)-N-((2- 
chlorophenyl)methyl)trifluoroacetamide as a colourless oil: (2.31 g, 78%); M.S. 

25 (M+H)*= 353, 

(b) N-r2-f4-aminophenvl'iethvlVN-ff2-ch]orophenvnmethvntrifluoroaci5tamide 
To a stirred solution ofthe product of step (a) (2.31 g, 5.96 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was 
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N- 

30 (2-(4-aminophenyI)ethyl)-N-((2-chlorophenyl)methyl)trifluoroacetamide ^hich was 
homogeneous by TLC and used immediately in the next reaction. 
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(c) N-/4-f2-rr2'Chlorophenv1methvnaTniTio'iethvnphenvlV2- 
thiophenecarboximidamide 

To a solution of the product of step (b) (2.1 g, 5.96 mmol) in isopropanol (10 ml) 
was added S-methyI-2-thiophenethiocarboxiniide hydroiodide (the product of 
5 Example 1, step (d)) (1.7 g, 5.96 mmol). The mixture was stirred for 24 hr, diluted 
with methanol (10 ml) and 2 N NaOH (6 ml) and heated to 70 °C for 1 hr. The 
solvents were removed at reduced pressure, and the residue was dumped mto water 
and extracted with ethyl acetate ( 3 X 30 ml). The combined extracts were washed 
with water, dried over magnesium sxilfate, filtered, concentrated and 
10 chromatographed over silica gel (10% methanol/methylene chloride) to give a solid 
which was recrystallized (methylene chloride/hexane) to yield N-(4-(2-((2- 
chlorophenylmethyl)aniino)ethyl)phenyl)-2-thiophenecarboximidamide as a white 
solid: (0.21 g, 10%); m.p. 81-82 °C 

15 Example 5 

N-f4-f2-fr3*fluorophenvlmethvl1amino'lethvnphenvlV2-thiophenecarboximidamide 

(a) N-fr3-fluQrophenvnmethvlVN-f2-r4-nitrophenvnethvntrifluoroacetamide 

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetaniide (the product 
of Example 1 step (a)) (IJ g, 5.75 nunol) and a catalytic amount of 15-crown-5 in 

20 THF (10 ml) at 0 ^^C was added NaH (60%, 0.25 g, 6.34 mmol) foUowed by 3- 
fluorobenzyl bromide (1.40 ml, 11.45 mmol). The mixture was stirred at room 
temperature for 4 hr, quenched with water, and extracted with ethyl acetate( 3 X 30 
ml). The combined extracts were washed with water, dried over magnesium sulfate, 
filtered, concentrated, and chromatographed over sihca gel (18% ethyl 

25 acetate/hexane) to give N-((3-fluorophenyl)methyl)-N-(2-(4- 

nitrophenyl)ethyl)trifluoroacetamide as a colourless oil: (1.63 g, 77%); M.S. 
(M+H)*= 371. 

(b) N-f2-r4-aminophenvnethvlVN*ff3-fluorophenvnmethvntrifluQroacetamide 

To a stirred solution of the product of step (a) (1.63 g, 4.40 mmol) in THF/MeOH 
30 (100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was 

hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N- 
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(2-(4-aminophenyI)ethyl)-N-((3.fluorophenyl)methyl)trifluoroacetaim which was 
homogeneous by TLC and used immediately in the next reaction, 
(c) N-r U2'( r3-fluQroohenvlT nethvnamTnQ'^ethvl^phenvlV2^ 
thiophenecarboximidamide 
5 To a solution of the product of step (b) (1.5 g, 4.40 mmol) in methanol (10 ml) was 
added S-methyl-2-thiophenethiocarboximide hydroiodide (the produa of Example 1, 
step (d)) (1.3 g, 4.40 mmol). The mixture was stirred for 2 hr, diluted with 
methanol (5 ml) and 2 N NaOH (8 ml) and heated to 70 ^'C for 1 hr. The solvents 
were removed at reduced pressure, and the residue was dumped into water and 
10 extracted with ethyl acetate ( 3 X 30 ml). The combined extracts were washed with 
water, dried over magnesium sulfate, filtered, and concentrated to give a solid 
which was reciystallized (methylene chloride/hexane) to yield N-(4-(2-(((3- 
fluorophenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white 
solid: (0.14 g, 8%); m,p.l30-131 **C 

15 

Example 6 

N-r 4-f 2-r r f 2-methvlphenv nmethvnamino^ethvnphenvlV2. 
thiophenecarboximidamide 

(a) N-fr2-methvlphenvnme thvlVN-r2-r4-nitroohenvnethvntrifluoroacetamide 
20 To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product of 
Example 1 step (a)) (IJ g, 5,75 mmol) and a catalytic amount of 15-crown-5 in 
THF (10 ml) at 0 was added NaH (60%, 0.25 g, 6.34 mmol) foDowed by 2- 
methylbenzyl bromide (L53 ml, 11.45 mmol). The mixture was stirred at room 
temperature for 2 hr, quenched with water, and extracted with ethyl acetate( 3 X 30 
25 ml). The combined extracts were washed with water, dried over magnesium sulfate, 
filtered, concentrated, and chromatographed over silica gel (18% 
ethylacetate/hexane) to give N-((2-methylphenyl)methyl)-N-(2-(4- 
nitrophenyl)ethyl)trifluoroacetamide as a colorless oil: (1.76 g, 84%); M.S. 
(M+H)*= 367. 

30 fbW-f2-r4* aminophenvnethvn-N-rr2-methv1phenvnmethvlVtrifluoroacetamide 
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To a stirred solution of the product of step (a) (1.76 g, 4.82 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C The mixture was 
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N- 
(2-(4-aminophenyl)ethyl)-N-((2-methylphenyl)methyl)-trifluoroacetamide which was 
5 homogeneous by TLC and used immediately in the next reaction. 
(c) N-r4-f 2-r r r2-methvlDhenvnmethvnamino^ethvnphenvn-2- 
thiophenecarboximidamide 

To a solution of the product of step (b) (1.62 g, 4.82 mmol) in methanol (10 ml) 
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of 

10 Example 1, step (d)) (1.37 g, 4.82 mmol). The mixture was stirred for 2 hr, diluted 
with 2 N NaOH (8 ml) and heated to 70 for 1 hr. The solvents were removed 
at reduced pressure, and the residue was dumped into water and extracted with 
ethyl acetate ( 3 X 30 ml). The combined extracts were washed with water, dried 
over magnesium sulfate, filtered, and concentrated to give a solid which was 

15 recrystallized (methylene chloride/hexane) to yield N-(4-(2-(((2- 

methylphenyl)methyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a white 
solid: (0.46 g, 28%); m.p.105.106 **C. 

Example 7 

20 N-f4-f2-fmethvlamino'>ethvnphenvlV2-thiophenecarboximidamide 
(a) N-methvi-N-f 2-f 4-nitrophenvnethvl^trifluoroacetamide 

To a stirred solution of N-(2-(4-mtrophenyl)ethyl)trifluoroacetamide (the product of 
Example 1 step (a)) (IJ g, 5.75 mmol) and a catalytic amount of 15-crown-5 in 
THF (10 ml) at 0 °C was added NaH (60%, 0.25 g, 6.34 nmiol) foDowed by 

25 methyliodide (0.71 ml, 11.45 mmol). The mixture was stirred at room temperature 
for 4 hr, quenched with water, and extracted with ethyl acetate ( 3 X 30 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, filtered, 
and concentrated to yield N-methyl-N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide a 
colorless oil: (1.40 g, 88%); M.S. (M+H)*= 277, 

30 (b) N-methvl-N-f2-r4-aminophenv1')ethvntrifluoroacetamide 
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To a stirred solution of the product of step (a) (1.45 g, 5.25 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C The mixture was 
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give N- 
methyl-N-(2-(4-aminophenyl)ethyl)trifIuoroacetamide which was homogeneous by 
5 TLC and used immediately in the next reaction. 

(c) N-r4-r2-rm ethvlamino^ethvnDhenvlV2-thioDhenecarboximidamide 
To a solution of the product of step (b) (1.32 g, 5.37 mmol) in methanol (10 ml) 
was added S-methyI-2-thiophenethiocarboximide hydroiodide (the product of 
Example 1, step (d)) (1.53 g, 537 mmol). The mixture was stirred for 2 hr, diluted 

10 with 2 N NaOH (8 ml) and heated to 70 °C for 1 hr. The solvents were removed 
at reduced pressure, and the residue was dumped into water and extracted with 
e.thyl acetate ( 3 X 30 ml). The combined extracts were washed with water, dried 
over magnesium sulfate, filtered, and concentrated to give a solid which was 
recrystallized (methylene chloride/hexane) to yield N-(4-(2.((2- 

15 methylphenylmethyl)aniino)ethyl)phenyl)-2-thiophenecarboxiniidamide as a white 
solid: (0.43 g, 31%); M.S. (M+H)*« 260. 

Example 8 

N-f4-f2-aminoet hvnDhenvlV2-thiophenecarboximidamide 

20 (a) N-r2-f4-aminoDhenvnethvl')trifluoroacetamide 

To a stirred solution of N-(2-(4-nitrophenyl)ethyl)trifluoroacetamide (the product of 
Example 1 step (a)) (1,00 g, 3.81 mmol) in THF/MeOH (100 ml, 1:1) was added a 
catalytic amount of 10% Pd/C The mixture was hydrogenated at 50 psi for 1 hr, 
filtered through celite, and concentrated to give N-(2-(4- 

25 aminophenyl)ethyl)trifluoroacetamide which was homogeneous by TLC and used 
immediately in the next reaction. 

(c) N-r 4*f 2-aminoethvnDhenvlV2-thiophenecarboximidamide 
To a solution of the product of step (a) (0.88 g,3.81 mmol) in methanol (10 ml) was 
added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of Example 1, 
30 step (d)) (1.09 g, 3.81 mmol). The mixture was stirred for 12 hr, diluted with 2 N 
NaOH (8 ml) and heated to 70 for 1 hr. The solvents were removed at reduced 
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pressure, and the residue was dumped into water and extracted with ethyl acetate ( 
3 X 30 ml). The combined extracts were washed with water, dried over magnesium 
sulfate, filtered, and concentrated to give a solid which was recrystallized (ethyl 
acetate/methanol) to yield N-(4-(2-aminoethyl)phenyl)-2-thiophenecarboximidamide 
5 as a white solid: (70 m g, 8%); m.p.134-137 °C. 

Example 9 

N-r ( 4-morpholinvlmethvl')DhenvlV2-thiQphenecarboximidamide 

(a) 4-r 4-Nitroben2vlVmorpholine. 

10 To a stirred solution of (ZOOg; 0.0093 mol) 4-nitrobenzyl bromide (Aldrich) and 
(0,736g; 0.011 mol) potassium carbonate anhydrous (Aldrich) in 20.0ml DMF was 
added (0.796ml; 0,0093 mol) morpholine. The reaction was heated to 50°C and 
stirred for 30 minutes, after which time and additional 0.1 equivalents of 
morpholine and potassium carbonate were added. After 30 minutes the reaction 

15 mixture was quenched with 100 ml water and extracted with (4xl00ml) ethyl 

acetate. The organic layers were collected and dried over magnesium sulfate and 
the solvent evaporated. The resulting solids were reciystallized from ethly acetate 
and hexane to leave 1.90g of 4-(4-nitrobenzyl)-morphoIine. 

(b) ( 4-morpholinvlmethvnaniline 

20 A (1-OOg; 0.0045 mol) sample of 4-(4-nitrbbenzyl)-morpholine was dissolved in 25ml 
each THF and methanol in a pressure bottle, A catalytic amount of 10% palladium 
on carbon was added and the reaction hydrogenated. When hydrogen uptake had 
ceased, the catalyst was removed by filtration and the solvents evaporated. The 
solids were dissobed in 30ml each ethyl acetate and water, and 30 ml 2N sodium 

25 hydroxide- The aqueous layer was extracted with (4x75ml) ethyl acetate. The 
organic layers were collected, dried, over magnesium sulfate, and the soh^ent 
evaporated under vacuum. The resisting solids were recrystallized from ethyl 
acetate and hexane to leave 0,68g of (4-morpholinylmethyl)aniline. 

(c) N-f ( 4*morpholinvlmethvT)phenvlV2-thiophenecarboximidamide 

30 To a stirred solution of the product of step (b) (6.68g; 0.0035 mol) and 15.0ml 
isopropyl alcohol was added S-methyl-2-thiophenethiocarboximide hydroiodide (the 
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product of Example 1, step (d)) (0.99g; 0.0035 mol). The mixture was stirred at 
35C To this mixture was added 10.0ml methanol along with 2M hydrochloric acid 
in isopropyl alcohol added dropwise until all of the reactants were in solution. The 
reaction was allowed to stir for 48 hours. The reaction was then diluted in 50ml 
5 saturated sodium chloride and extracted with (3x75mL) ethyl acetate. The organic 
layers were collected, dried over magnesium sulfate, and the solvent evaporated. 
The crude product was separated on a silica gel column eluted with 10% methanol 
in methylene chloride. The solvent was evaporated and the crude solid 
recrystallized twice from ethyl acetate and hexane to leave 60mg of N-((4- 
10 niorpholinylmethyl)phenyl).2-thiophenecarboximidamide, m.p. = 148-150^C. 

Example 10 

N-f3-ffrphenvlmethvnaminQ ^methvnphenvlV2-thiQphenecarboximidamide bisoxalate 

(a) N-/'3-nitroben2vnben2amide 

15 To a solution of 3-nitrobenzyl amine hydrochloride (2.45 g, 0.013 mol) in a solution 
of 50 ml of methylene chloride and 50 ml of half saturated aqueous potassium 
carbonate at 0 °C was added dropwise a solution of benzoyl chloride (2.1 g, 0.0149 
mol) in 10 ml of methylene chloride. After addition was complete, the reaction 
mixture was stirred for 2 h at 0 **C and was then allowed to warm to ambience 

20 overnight The organic layer was separated and was washed successively with dilute 
hydrochloric acid and water. The dried (MgSO^) orgamc phase was concentrated in 
vacuo to give 2.92 g (88%) of the title product, m.p. ISS-SPC, 

(b) N-benzvl-1 2.2-trifluQro-N-f3-nitrQben2vnacetamide 

To a solution of the product of step (a) (2.85 g, 11.1 mmol) in 50 ml of anhydrous 
25 tetrahydrofuran at 0 °C under nitrogen was added 18.6 ml of a 1.0 M borane in 
THF solution (18.6 mmol). The reaction mixture was then heated to reflux for 5 J 
h. The solution was allowed to cool overnight and was then quenched by the 
successive addition of 2 ml of methanol and 10 ml of 6 M hydrochloric acid. The 
reaction mixture was again heated to reflux for 1 h. Upon cooling to ambience, 
30 the reaction mixture was basified and extracted into ether. The dried (MgS04) was 
concentrated to afford an oil. This oil was chromatographed on silica gel using 
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methylene chloride as eluent to give 1.95 g (72 %) of benzyl-3-(nitrofaen2yl)amine 
as an oil. To a solution of the crude benzyl-3-(nitroben2yl)amine (1.95 g, 8.05 
mmol) and triethylamine (2.6 Ml, 18 mmol) in 20 ml of methylene chloride under 
nitrogen at Oo C, was added dropwise triflluoroacetic anhydride (3.4 g, 16 mmol). 
5 The reaction mixture was stirred for 10 minutes before pouring into water. The 
organic layer was separated and dried over magnesium sulfate. The solution was 
filtered and concentrated to give an oil. Chromatography on silica gel, using 20% 
ethyl acetate in hexanes as eluent afforded 1.46 g (54%) of the product as an oil, 
mass spectra m/e 339 (100%, M+H). 

10 (c) / N-f 3-aminoben2vlVN-benzvl-2.2.2-trifluorQacet amide 

To a solution of the product of step (b) (1.21 g, 3.58 mmol) dissoWed in a solution 
of 100 ml of methanol was added 20 ml of a saturated solution of hydrogen 
chloride in isopropanol and 0.1 g of 5% Pd/C The resulting solution was 
hydrdgenated at 50 psi for one hour. The catalyst was removed by filtration and 

15 the filtrate was concentrated in vacuo solid. Trituration of this solid with ether 
afforded 1.15 g (93%) of the title compound as the hydrochloride salt, m.p. 169-74 

(d) N-r3-frfphenvlmethvnamino'\methvl')phenvlV2-thiophenecarboximidamide 
To a solution of 025 g (0.94 mmol) of S-methyl 2-thiophenethiocarboximide 

20 hydroiodide (the product of Example 1, step (d)) in 4 ml of isopropanol was added 
0.41 g (13 mmol) of N-(3-aminobenzyl)-N-benzyl-2,2,2-trifluoroacetamide (prepared 
by taking the hydrochloride salt and neutralizing with 2J m NaOH and extracting 
into methylene chloride). The reaction mixture was stirred for 5 h. A solution (2 
ml) of 2J M sodium hydroxide and about 5 drops of methanol was added and the 

25 resulting solution was heated at reflux for 1 h. The solution was concentrated and 
the product was extracted into ethyl acetate. The solution was dried and 
concentrated to give a solid. This solid was dissolved in ethanol and oxalic acid 
dihydrate (0.16 g, 1.3 mmol) was added. The resulting salt was collected and dried 
to give 0.26 g (55%) of the title compound as the bis oxalate salt, mp 178-183 °C. 

30 

Example 11 
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An alternative synthesis for the compound of Example 2. 

N-r 4-r r ( phenvlmet hvl^ammo^methvnDhenvn-2-thiQPhenecarboximidamide 

(a) N-f 4-nitroben2vl1benzamide^ 

This compoimd was prepared following the method of Example 10, step (a). From 
5 4-nitrobenzyl amine (145 g, 0.013 mol) and benzoyl chloride (2.1 g, 0.0149 mol) was 
isolated 156 g (77%) of the title product, m.p. 150-3 

(b) N-ben2vl-112-trifluoro-N-f4-nitTobenzvnacetamide 

This compoimd benzyl-(4-nitrobenzyl)aniine was prepared using the method 
described in Example 10, step (b) for the preparation of ben2yl-3- 

10 (nitrobenzyOaraine. From 149 g (9.36 mmol) of N-(4-nitroben2yl)-benzamide and 
18,6 ml of 1.0 M borane in THF was obtained 3.12 g of the crude benzyl-(4- 
nitrobenzyl)amine, which was used without further purification. This crude product 
was mixed with 4.3 ml of triethylamine in 40 ml of methylene chloride at OoC under 
nitrogen. To this solution was added dropwise 3.6 ml of trifluoroacetic anhydride. 

15 The solution was stirred for 10 minutes and was poured into water and separated. 
The dried organic phase was dried (MgS04) and concentrated to give 3.1 g (94%) 
of the title compound as an oil. 

(c) N-r 4-aminobenzvlVN-ben2vl-112-trifluoroacetamide 

This compound was prepared using the method described in Example 10, step (c) 
20 for the preparation of N-(3-aminobenzyl)-N-benzyl-2,2,2-trifluoroacetamide. From 
N-benzyl-2,2,2-trifluoro-N-(4-nitrobenzyl)acetamide (3.1 g, 9.2 mmol) was obtained 
2.46 g (78%) of the title compound as the hydrochloride salt following 
hydrogenation. Recrystallization from isoprqpanol and ether gave 1.74 g of pure 
material, mp 115-9 ^C, 
25 (d) N-f4-rrfphenvlmethvnamino'^methvnphenvlV2-thiophenecarboximidamide 
From 0.60 g (1.9 mmol) of the free base of N-(4-aminobenzyl)-N-ben2yl.2,2,2- 
trifluoroacetamide and 0.42 g (1.6 mmol) of S-methyl 2-thiophenethiocarboximide 
(prepared by taking the hydrochloride salt produced by following a method 
analogous to that of Example 1, step (d), and neutralizing with 2.5 m NaOH and 
30 extracting into methylene chloride) in 4 ml of isopropanol. The reaction mixture 
was stirred for 5 h. A solution (2 ml) of 1J5 M sodium hydroxide and about 5 drops 



1 
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of methanol was added and the resulting solution was heated at reflux for 1 h. The 
solution was concentrated and the product was extracted into ethyl acetate. The 
solution was dried and concentrated to give a solid. This was converted to the bis 
oxalate in isopropanol and then reciystallized from 95% ethanol to give 110 mg 
5 (10%) of the title compound, mp 209-13 °C 

Example 12 

The following compounds were prepared following the method of Example 1: 

(a) N-f 4-f 2-f ( r2.6-dichlorophenvnmethvnamino'jethvnphenvlV 
10 2-thiophenecarboximidamide m.p- 104-105 °C 

(b) N-f 4-r2-r r r2'bromQPhenvnmethvnamino'lethvnphenvlV2- 
thiophenecarboximidamide m.p. 81-82 ^'C 

(c) N-r3-f2-('fPhenvlmethvnamino')ethvnphenvlV3-thiophenecarbQximidam]de 
dihvdrochloride. m.p. 145-147 **C 

15 (d) N-r4-f2-f('2.6-dichlQrophenvlmethvnamino')ethvl1phenvn 
-3-thiophenecarboximidamide free base. m.p. 109-110 **C 

(e) N-r4-f2-aminoethvllDhenvlV3-thiophenecarboximidamide dihvdrobromide 
m.p. 158-170 dec 

20 N-<'4-f2-rf2,6-dichlorophenvlmethvnamino'>ethvnphenvlV2-furanocarboximidamide 
free base. m.p. 101-104 ^^C 

(g) N-r3-f3-ri-pvrolidinvl1propvnphenvn-2*thiophenecarboximidamide free 
base. m.p. 110-Ul ^'C - 

(h) N-f 4-f 2-aminoethvl1phenvlV2-furocarboximidamide dioxalate. m.p. 162 **C 
25 dec 

Example 13 

The following compounds were prepared following the method of Example 9: 

(a) N-f 4-f ri-piperidinvnmethvnphenvlV2-thiophenecarboximidamide 
•30 dihvdrobromide m.p. 277-278 

(b) N-r 4-f n-pvrrolidinvnmethvnphenvlV2-thiophenecarboximidamide 
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dihydrobromide m.p. 248-250 **C 
Example 14 

The following compound was prepared following the method of Example 10: 
5 N-r3-rfrphenvlmethvnaminQ^methY nphenvn-2-thiophenecarboximidamide 
dimaleate m,p. 171-173 **C 

Example 15 

The following compound was prepared following the general method of Example 1 
la starting at step (e) by reacting S-methyl-2-thiophenecarboximide hydroiodide 
with 3-(methylamino)phenylamine, 

N-r3-r r amino^met hvnphenvlV2-thiophenecarbQximidamide 
dimaleate m.p. 145-148 ^'C 

15 Example 16 

The following compound was prepared following the method of Example 10 

N-r3-f2-rrphenvlmethvnamin o^ethvnphenvlV2-thiophenecarboxamidine Dioxalate. 
m.p. 132-134 *^ 

20 Example 17 

N-f3-f2-rEthvlamin okthvnphenvlV2-thiophenecarbQximidamide 

(a) f 3-Nitrophenvnacetvl chloride 

A stiired solution of S-nitrophenylacetic acid (10.0 g, 55.2 mraol) in thionyl chloride 
(100 ml, 1,37 mol) was heated at reflux for 2 hours, then concentrated to yield 11.1 
25 g of (3-nitrophenyl)acetyl chloride as a tan solid. 

(b) N-Ethvl-2-r3-nitrophenvnacetamide 

To a stirred solution of 70 wt % ethylamine in water (35 ml) cooled on an ice bath 
was added in one portion (3-nitrophenyl)acetyl chloride (3 g, 15.0 mmol). Resulting 
mixture was warmed to achieve a clear solution, allowed to cool. Resulting 
30 precipitate was filtered to yield N-ethyl-2-(3-nitrophenyl)acetamide as a yellow solid: 
(2.2 g, 71%); m.p. 115-117 
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(c) Ethvl*f2-r3-nitrophenvnethvnaniine hydrochloride 

To a stirred solution of the product of step (b) (2.2 g, 10.6minol) in tetrahydrofuran 
(50ml) under nitrogen, was added dropwise l.OM borane-tetrahydrofuran (42ml, 
42mmol). Reaction was heated at reflux for 1^ hours, cooled on ice bath, then 
5 aqueous 6N HQ (75ml) added dropwise. The resulting mixture was refluxed for 1 
hour, basified to pH 11 with 20% aqueous sodium hydroxide, extracted twice with 
ether. Combined extracts were dried over magnesium sulfate, filtered, 
concentrated. The hydrochloride salt of the crude was made from isopropanol and 
ethyl acetate to yield ethyl-(2-(3-nitrophenyl)ethyl)amine hydrochloride as a light 
10 yellow solid: (1.7g, 70%); m.p. 186-188 '^C 

(d) 3-r2-Ethvlamino-ethvnphenvlamine hydrochloride 

To a solution of the product of step (c) (1.7g, 7-Ommol) in methanol (30ml) was 
added a catalytic amount of 10% palladium on carbon. The mixture was 
hydrogenated at 50 psi for 30 minutes, filtered through celite, concentrated to yield 
15 3-(2-ethylamino-ethyl)phenylamine hydrochloride as an off-white solid: (1.4g, 
100%); m.p. 192-194 'C. 

(e) N-r3-r2-rEthylam3no1ethynphenylV2-thiophenecarboximidamide dihydrobromide 
To a solution of the product of step (d) (l,4g, 7.0mmol) in isopropanol (2Qml) and 
dimethylformamide (20ml) was added S-methyl-2-thiophenethiocarboximide 

20 hydroiodide (2.5g, 8.8mmol). The mixture was stirred for 16 hours, diluted with 
20% aqueous sodium hydroxide, and extracted twice with ethyl acetate. The 
combined extracts were washed twice with water, dried over magnesium sulfate, 
filtered, and concentrated to give 2.7g of an oil. The dihydrobromide salt was made 
fi-om isopropanol and ethyl acetate, reciystallized from isopropanol, methanol, and 

25 ethyl acetate to yield N-(3-(2-(ethylamino)ethyl)-phenyl)-2- 

thiophenecarboximidamide dihydrobromide as a tan solid: (1.72g, 49%); m.p. 192- 
194 (dec). 

Example 18 

30 N-r3-f3-rrPhenylethyDamino1propvnphenvlV2-thiophenecarboximidamide dioxalate 
fal 3-r3-Phenvlethvlamino-prQpvl'lphenylamine dihvdrochloride 
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This was prepared following a method analogous to that of Example 17, steps (a)- 
(d). 

(b) N-r3-r3-rrPhenvlethvl')amino'>pr nDvnphenvn-2-thionhenecarboximif1aTnfrie 
dioxalate 

5 To a solution of the product of step (a) (3.0 g, 9.17 mmol) and S-methyl-2- 

thiophenethiocarboximide hydroiodide (3.3 g, 11.5 mmol) in isopropanol (25ml) and 
dimethylformamide (25ml) was added pyridine (0.74 ml, 9.17 mmol) in one portion. 
The mixture was stirred for 16 hours, diluted with 20% aqueous sodium hydroxide, 
and extracted twice with ethyl acetate. The combined extracts were washed twice 
10 with water, dried over magnesium sulfate, filtered, and concentrated. The dioxalate 
salt of the crude was made from ethanol and ether, reciystallized from ethanol to 

yield N-(3-(3-((phenylethyl)amino)propyl)phenyl)-2-thiophenecarboximidamide 
dioxalate as the white solid: (2.3 g, 44%); m.p. 102-105 "C. 

15 Example 19 

N-f3-r2-(r('2-BroTnnphenvnmeth vnaminn'^ethvl^ohenvlV2-thiophenecarboximidamide 

(a) N-f2-Bromnhen7v1). ?-r3-nitrnphenvnacetamide 

This was prepared following a method analogous to that of Example 17, steps (a)- 

(b) . 

20 (b) N-C2-BromobenzvlV2.r 3-aminophenvnacetamide 

To a solution of the product of step (a) (5.45 g, 15.6 mmol) in 85% glacial acetic 
acid (400 ml) was added in one portion the zinc dust (10.2 g, 156 mmol). Reaction 
was stirred for 30 minutes, filtered, and concentrated. The residue was partitioned 
with 20% aqueous sodium hydroxide and dichloromethane, the organic layer was 

25 dried over magnesium sulfate, filtered, concentrated to yield N-(2-broraobenzyl)-2- 
(3-aminophenyl)acetamide as a white solid: (4.7 g, 94%); m.p. 110-112 "*C. 

(c) 3-f2-C2-Bromobenzvl amino'>ethvl^phenvlamine dihvdrochloride 

This was prepared following a method analogous to that of Example 17, step (c). 

(d) N-f 3-f 2-r ( <'2-BromQphe nvnmethvnnmino>ethvnphenvlV?- 
30 thiophenecarboximidamide dioxalate 

This was prepared following a method analogous to that of Example 18, step (b). 
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ni.p. 175-8 °C (dec) 
Example 20 

N-r3-r2-rPhenvlaTTiino'lethvnDheTivlV2-thiophenecarboxirnidamide dihydrobromide 
5 (a) f2-n-NitrophenvnethvnDhenvlamine 

This was prepared following a process analogous to that of Example 17, steps (a)- 

(c) . 

(b) 12,2-Trifluoro-N-f2-r3-nitrophenvnethv1VN-phenv]acetamide 
This was prepared following a process analogous to that of Example 1, step (a). 
10 (c) 2,2,2*Trifluoro-N-f2-f3-aminophenvnethvlVN-phenvlacetamide 

This was prepared following a process analogous to that of Example 1, step (c). 

(d) N-r3-r2-rPhenvlamino')ethvnphenvlV2-thiQphenecarboximidamide 
dihydrobromide 

This was prepared following a process analogous to that of Example 1, step (e). 
15 m.p- 235-240 °C (dec). 

Example 21 

The following compounds were prepared following a process analogous to that of 
Example 17: 

20 (a) N-f4-r2-rEthv1amino1ethyl')phenvn-2-thiophenecarboximidamide 
dihydrobromide . m.p. 176-178 °C 

(b) N-r4-r2-f2-Propvlamino'lethynphenvlV2-thiophenecarboximidamide 
dihydrobromide. m.p. 240-242 **C (dec) 

(c) N-(4-f2-ri-PropyIamino1ethynphenylV2-thiophenecarboximidamide 
25 dihydrobromide. m.p. 233-235 **C (dec) 

(d) N-r4-r2-rt-Butylamino'jethynphenylV2-thiophenecarboximidamide 
dihydrobromide. m.p. 241-242 ""C 

(e) N-f4-r2-rn-Butylamino1ethynphenyn-2-thinphenecarboximidamide 
dihydrobromide. m.p. 238-240 °C 

30 (f) N-r3-r2-rMethv]amino)ethvl^phenvlV2-thiophenecarboximidamide 
dihydrobromide. m.p. 219-223 ""C 
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(g) N-r3*r2-ri- ProDvlarninolethvnphenvlV2-thiophenecarbQximidaTTiide 
dihvdrobromide, m.p. 72-75 °C (softened) 

(h) N-n-r2-rt- Butvlaniino^ethvnphenvlV2-thiophenecarboximidarni'de 
dihvdrobromide, m.p. 232-235 °C (dec) 

5 (i) N-r3-r2-r2-PropvlaTTiiTiokthvnphenvlV2-thiophenecarboxiTnidamide 
dihvdrobromide. m.p. 206-210 **C (dec) 

0) N-r3-f2-aminoethv1^phenvlV2-thioDhenecarboximidamide dihvdrobromide. m.p. 
194-199 °C 

(k) N-f3-f2-rDimethvlamino'>ethvl'>phenvlV2-thiophenecarbQximidamide 
10 dihvdrobromide , m.p. 232-233 ^^C (dec) 

(1) N-n-r2-rDiethv]amino')ethvnphenvn-2-thiophenecarhoyimidamide 

dihvdrobromide. 

m.p. 75-80 ^'C (softened) 

(m) N-r3-f2-f2-ri.2.3.4-Tetrahvdro^isoQuinoh'nvnethvnphenvn-2- 
15 thiophenecarboximidamide dioxalate. 
m.p. 172-175 (dec) 

(n) N-f4-r3-f2- fl,2.3.4.-tetrahvdro^isoquinolvnpropvnphenvn-2-thiophene 
carboximidamide dioxalate. m.p. 138-142°C 

(o) N-r4-r2-r3 .5-bistrif1uoromethvlphenvlmethvl')amino1ethvl1phenvl-2- 
20 thiophenecarboximidamide free base, m.p. 98-100 **C 

(p) N-f4-r2-r diethvlamino'tethvnphenvl-2-thiophenecarboximidamide free *base, 
m.p. 113-115 ^'C 

(q) N-r4-f2-rf3-chlorophenvlmethvl^aminokthvl^phenvlV 
benzenecarboximidamide dihvdrochloride. 253-254X 
25 (r) N-f4-r2-fr3- chlorophenvlmethvl^aminokthvl^phenvlV3-chlorothiophene-2* 
carboximidamide dihvdrochloride. 257*C 

(s) N-r4-r2-rr4-methvlphenvlmethvnamino^ethv1^phenvlV2-thiophenecarboxamidine 
dihvdrochloride. 218-219**C 

(t) N-r4-r2-rpiperonvlamino'lethvnphenvlV2-thiophenecarhoxamidine • 
30 dihvdrochloride. m.p. 205-6 ^'C 



wo 95/05363 



PCT/GB94/01767 



-44- 

Example 22 

The following compounds were prepared following a process analogous to that of 
Example 18: 

(a) N-r3-r2-rrr2- Chlorophenvl)methv]^amino^ethvnphenvlV2- 
5 thiophenecarboximidamide dioxalate, 

m.p. 155-157 (dec) 

(b) N-r3-f3-rrPhenvlmethv namino^propvnDhenvn-2-thiophenecarboximidamide 
dioxalate, 

m.p. 138-141 °C (dec) 
10 (c) N-r 4-(2'( rr3 -Chlornnhenvnmethvnamino^ethvnphenvn-2- 
thiophenecarboxamidine dioxalate . m.p. 216-217 ^'C 

(d) N-f 4-r2-r ( ( 4-Chloronhenvnmethvnamino^ethvl^nhenvlV2- 
thiophenecarboxamidine dioxalate. m.p. 203-204 °C 

(e) N-f4-f2-ffr3-ChlorQphe nvnmethv!^amino^ethvnnhenvn-3-chlorothioDhene- 
15 2-carboximidamide dihvdrochloride m.p. 257-258°C 

(Q N-f4-f3-rethvlamino^p ropvnphenvl-2-thiophenecarbnximidamide dioxalate. m.p. 
98-100 

Example 23 

20 The following compound was prepared following a process analogous to that of 
Example 19: 

(a) N-f 3-r2-r rN- Phenvlmethvl-N-methvnamino^ethvnphenvn-2- 
thiophenecarboximidamide. free-base 
m.p. 85-87 ^'C 

25 (b) N-f4-r2-rrN-Phenv]methvl -N-methvnamino^ethvnDhenvn-2-thiophene 
carboximidamide. free base 
m.p. 110-112 ''C 

(c) N-f3-f2-frr3 -Chloronhenvnmethvnamino^ethvnphenvn-2- 
thiophenecarboximidamide dioxalate . m.p. 185-88 (dec) 

30 (d) N-f 3-f 2-r f f 3 -fluorophenvnmethvnaminoktHvnnhenvn-2- 
thioohene carboximidamide dioxalate. m.p. 183-4 °C 
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(e) N-r4-r3-rrr3 -Chlorophenvnmethvnamino^nrQpvl^phenvlV2-thiophene 
carboximidamide dioxalate. m.p. 212-215 **C 

(f) N>r4-r3-rrphenvlmethvl- N-methvnam]no)prQPvnphenvlV2-thiophe 
carboximidamide dihvdrobromide. m.p. 228-232**C(dec) 

5 (g) N-r U2'( ( eth vlVphenvlmethvnaminQ^ethvnphenvlV2- 
thiophenecarboximidamide free base. 
m.p- 87-89 

(h) N-f 4-r2-r ( p ropvlV phenvlmethvnaminQ^ethvnphenvn-2- 
thiophenecarboximidamide free base. 

10 m.p. 100-102 

(i) N-r4-f2-rrL l-dimethvlethvnfphenvlmethvnamino^ethvnphenvn-2- 
thiophenecarboximidamide free base. m.p. 145-148 °C 

0) N-f4-f 2-r r n.4-dichlQrophenvnmethvnamino^ethvnphenvlV2- 
thiophenecarboximidamide free base, m.p. 111-114 T 

15 

Example 24 

N-r4-f3-rrphenvlamino^carh onvnpropvl^phenv1V2-thiophenecarboxi'midamide 
(a) 4-r3-frphe nvlammQ'lcarbonvnpropvl^aniline 

A stirred solution of 4-(4-nitrophenyl)butyric acid (5.0 g; 0.023 moles) in 20 ml of 
20 thionyl chloride was refluxed for 4 hours. The solvent was evaporated and the crude 
acid chloride, 2.5g, was added dropwise to a stirred solution of aniline (2.0 g; 0.02 
moles) in 30 ml of tetrahydrofuran and 10 ml of triethylamine and the reaction was 
then stirred 18 hours. The triethylamine hydrochloride was removed by filtration 
and 50 ml of ethyl acetate was added to the organic phase. The organic phase was 
25 washed with 1 x 100 ml of 1 N hydrochloric acid and the dried over magnesium 
sulfate. The solvent evaporated to yield a yellow solid. The solid was dissolved in 
100 ml of methanol and 250 mg of 10% palladium on carbon was added, the 
reaction was hydrogenated over a 4 hour period. The product was found to be 
unreduced, and was then dissolved in 100 ml of methanol. 10 ml of a saturated 
30 solution of HCl in isopropanol was added, followed by 250 mg of 10% palladium 
on carbon. The mixture was hydrogenated for 4 hours. The catalyst was removed 



wo 95/05363 



PCT/GB94/01767 



-46- 

by filtration and the solvent evaporated. The residue was dissolved in 100 ml of hot 
water with a mininial amount of methanol, and the solution was then made basic 
with 50% sodium hydroxide solution. The mix was extracted with 150 ml of ethyl 
acetate, the extract was dried with magnesium sulphate and evaporated, giving solid 
5 4-(3-(((phenyl)amino)carbonyl)propyl)aniline, yield 1.0 g, one spot on TLC 
(b) N-r 4-f 3-r ( phenvlaminokarbonvnpropvnphenvl V2- 
thiophenecarhoximidamide 

To a stirred suspension of the product of step (a) (LOO g; 0.0037 moles) in 
approximately 5ml of isopropanol was added S-methyl-2-thiophenethiocarboximide 
10 hydroiodide (the product of Example 1, step (d)) (l.Olg, 0.0035 moles). This 
mixture was refluxed for 1 hr and then allowed to cool giving solids. The product 
was filtered and allowed to dry under vacuum overnight giving N-(4-(3- 
((phenylamino)carbonyl)propyl)phenyl)-2-thiophenecarboximidamide, 1.76 g yield. 
m.p. 229-231 

15 

Example 25 

The following compounds was prepared following a process analogous to that of 
Example 24: 

(a) N-f 4'(3-( ( phenvlmethviamino'icarbonvnpropvnphenvl V2- 
20 thiophenecarboximidamide. m.p. 169-171 **C 

(b) ■ N-f 4-f 3-f ( l-pvrrolidvncarbonvnpropv]oxv')phenvlV2- 
thiophenecarboximidamide. m.p. 191-194 °C 

(c) N-f 4-(3-rr 4-morpholinvncarbonvnpropvloxv^phenvl V2- 
thiophenecarboximidamide, m.p. 136-138°C 

25 (d) N'f 4-f 2-r ( phenvlmethvlaminokarbonvl'lethvl^phenvl V2- 
thiophenecarboximidamide, m.p. 63-65'*C 

(e) N-f3-f2-rrphenv1aminokarbonvnethvnphenvlV2-thiophenecarboximidamide. 
m.p. 203-205**C 

(f) N-f4-f3-rrphenvlamino')carhonvnpropynphenylV2-pvrrolecarboximidamide, m.p. 
30 195-196*^0 

(g) N-f 4-r3-f rphenvlamino'lcarhonvnDronvnphenviV2- 



wo 95/05363 



PCT/GB94/01767 



-47- 

furocarboximidamide. m.p, 197-199°C 

(h) N-f 4-(3-( ( phenvlaminokarbonvnpropvnphenvl V3'Ch]oro-2- 
thiophenecarhoximidamide. m.p. 141-144°C 

(i) N-rf3-frphenvlamino'lcarbonvnpropvnphenvlVl-methvlpvrrole-2- 
5 carboximidamide> m.p. 154-155°C 

(j) N-f4-r3-ri-r4-methvlpiperazinvncarbonvnpropvnphenvlV2- 
thiophenecarbbximidaTnide. m.p. 132-134 **C 

Example 26 

10 N-f4-r3-rfl-pvn'olidv]')carbonvnpropvl'>phenvn thiophene-2-carboximidamide 
hvdroiodide 

(a) 4-r3-fn-pvrrolidinvncarhonvnpropvnaniline 

4- (4-nitrophenyl)butyric acid (2.25 g, 0.01076 moles) was dissolved in 40 ml 
dichloromethane and cooled to -5 ''C on an ice/acetone bath. Triethylamine (1.09 g, 

15 ~ 0.01076 moles) and ethyl chloroformate (1.17 g, 0.01076 moles) were added and 
the mixture was stirred for 10 minutes before pyrrolidine (0.92 g, 0.01291 moles) 
was added dropwise whilst maintaining the temperature below 0 X, After 10 
minutes the cold bath was removed and the reaction stirred for 16 hours at room 
temperature. The dichloromethane solution was washed with 2 x 75 ml saturated 

20 sodium bicarbonate and 2 x 75 ml water. The dichloromethane layer was dried over 
magnesium sulfate and the solvent evaporated under vacuum to leave 2.19 g of a 
clear brown oil. The clear brown oil was reduced under 50 psi hydrogen; ethanol 
was the solvent and 10% palladium on carbon was used as a catalyst. After 4 hours 
the catalyst was filtered off and the solvent evaporated under vacuum to provide 4- 

25 (3-((l-pyrrolidinyl)carbonyI)propyl)aniline, an oil that solidified on standing (this 
was used as is). 

(b) N-f4-f3-ffl-pvrrolidvncarbonvnpropvnphenvlV2-thiophenecarboximidamide 
hvdroiodide 

5- methyl-2-thiophenethiocarboximide hydroiodide (the product of Example 1, step 
30 (d)) (1.53 g 0.00538 moles) was added to the product of step (a) (1.50 g 0.00646 

moles), in 6 ml of isopropanol and stirred at room temperature for 16 hours. The 
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resulting suspension of solids was diluted with 50 ml isopropanol and the solids 
collected by filtration to give N-(4-(3-((l-pyrrolidyl)carbonyl)propyl)phenyl)-2- 
thiophenecarboximidamide hydroiodide, mp 213-216 °C. 

5 Example 27 

The following compounds were prepared following a process analogous to of 
Example 26: 

(a) N-f 4-f 3-f ( 4-morpholinv]1carbonvnpropvnphenvn-2- 
thiophcnecarboximidamidc hvdroiodide, m.p. 189-192 °C 
10 (b) N-f4-frphenvlamino')carbonvnphenvlV2- thiophenecarboximidamide, m.p. 
200-20rC 

(c) N-f4-r2-ff4-morpholinvl'>carbonvnethvnphenvlV2-methvlthiazole-4- 
carboximidamide, m.p. 280-281 "^C 

15 Example 28 . ^ 

N-f4-f2-rrf4-morpolinvncarbonvnamino'lethvnphenvnthiophene-2-carboximi'damide 
hvdroiodide 

(a) 4'(2'((( 4-morpolinvncarbonvnamino)ethvnaniHne hydrochloride 

To a stirred solution of 4-nitrophenethylamine hydrochloride (4.0 g; 0.24 moles) in 

20 50 ml of tetrahydrofuran was added 10 ml of triethylamine. To this was added 4- 
morpholinecarbonyl chloride (3.6 g; 0.024 moles) dropwise in 20 ml of 
tetrahydrofuran and the reaction stirred for 6 hours. The triethylamine salt was 
removed by filtration, and the organic phase was washed with 1 x 100 ml of 1 N 
hydrochloric acid. The organic phase was dried over magnesium sulfate; 

25 evaporation of the solvent gave a crude oil. The crude oil was then dissolved in 250 
ml of methanol, to this was added 250 mg of 10% palladium on carbon and the 
reaction hydrogenated for 4 hours. The catalyst was removed by filtration, and the 
solvent evaporated. To the residue was added 150 ml of ethyl acetate and 
hydrochloric acid gas was then added to make the salt. Upon cooling •4-(2-(((4- 

30 morpolinyl)carbonyl)amino)ethyl)aniline hydrochloride, a pink solid, crystallized and 
was collected by filtration, 4.4 g. 
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(b) 4-f2-frf4-morDolinvlkarbonvl'iamino'lethvnaniline 

The product of step (a), 4.4 g, was dissolved in 200 ml of water. The mixture was 
made basic with 50 % sodium hydroxide solution, and extracted with 2 X 50 ml of 
ethyl acetate. The ethyl acetate extracts were combined, dried with magnesium 
5 sulfate, and evaporated in vacuo, giving a solid. The solid was dissolved in hot ethyl 
acetate and hexane, and crystals of 4-(2-(((4-morpolinyl)carbonyl)amino) 
ethyl)aniline formed on cooling. Analysis: calculated C 62.63 H 7.68 N 16.85; found 
C 62.43 H 7.65 N 16J9. 

(c) N-f 4~(2'( (( 4-morpolinvncarbonvnamino^ethvl^Dhenvn-2- 
10 thiophenecarboximidamide hvdroiodide 

The product of step (b), 1.0 g, and S-methyl-2-thiophenethiocarboximide 
hydroiodide (the product of Example 1, step (d)) 1.09 g, were combined in a 
minimal amount of isopropanol. The mixture was refluxed for one hour. The 
resulting solution was cooled, solids precipitated and were collected by fitration, 
15 giving N-( 4-(2-(((4-morpoIinyl)carbonyl)amino)ethyl)phenyl)-2- 
thiophenecarboximidamide hydroiodide, 0.95 g, m.p. 209-211 ^'C ' 

Example 29 

N-r4'f3-rrrphen vnamino^carbonvnproovloxv)phenvlV2-thiophenecarboximidamide 
20 hydroiodide 

(a) 4-r4-nitroDhenoxv'ibutrvic acid 

Ethyl 4-broraobutyrate, 9.9 g, 4-nitrophenol, 7.0 g, and sodium carbonate, 6.0 g, 
were combined in 50 ml of DMF, and the mixture was warmed on a 100 C hot 
plate for four hours. The solids were removed by filtration, and washed with 20 ml 

25 of acetone, the filtrate was diluted to 400 ml with cold water, and extracted with a 
combination of 50 ml ethyl acetate and 50 ml of hexanes. The resulting organic 
layer was washed with 3 X 200 ml of 0.2 M potassium carbonate to remove 
unreacted nitrophenol. The resulting organic layer was evaporated in vacuo to give 
11 g of yellow oil. The crude yellow oil was diluted with 200 ml of methanol, 

30 treated with 25 ml of 2 M sodium hydroxide, and stirred over night at room 

temperature. The mixture was evaporated in vacuo, and diluted with water to 250 
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ml. The solution was clairified with celite, and then acidified with 20 ml of 4 M 
hydrochloric acid The resuhing solids were collected by filtration, washed with 
water, and dried in vacuo to give 4-(4-nitrophenoxy)butryic acid, mp 116-118 **C 
(b) 4-r3-frfphenvnaminQ^c arbonvnprQpvloxv^aniline 
5 A solution of 4-(4-nitrophenoxy)butryic acid, 4.0 g, in 20 ml of thionyl chloride was 
refluxed for four hours, and then the excess thionyl chloride was evaporated in 
vacuo. The crude acid chloride was the added to a solution of aniline, 1.68 g, and 
triethylamine, 10 ml, in 30 ml of THF, and the reaction was stirred for 18 hours. 
The solids were removed by filtration, and the filtrate was diluted with 50 ml of 
10 ethyl acetate. The solution was washed with 100 ml of 1 N hydrochloric acid, dried 
with magnesium sulfate, and evaporated to give a solid. The solid was disolved in 
100 ml of methanol, and hydrogenated with with 10 % Pd/C for a total of 40 hours, 
giving 1.25 g of 4-(3.(((phenyl)amino)carbonyl)propyloxy)aniline, a white solid, M.S. 
(M4.H)*= 271. 

15 (c\ N-f 4-f 3-r (( Dhenvna minokarbonvnDropvloxv^DhenvlV2- 
thiophenecarboximidamide hvdroiodide 

The product of step (b), 1.0 g, and S-methyl-2-thiophenethiocarboximide 
hydroiodide (the product of Example 1, step (d)), 1.01 g, were combined in a 
minimal amount of isopropanol and the mixture refluxed for one hour. The 
20 resulting clear solution was cooled, solids precipitated and were collected by 
filtration, giving N-(4-(3-(((phenyl)amino)carbonyl)propyloxy)phenyl)-2- 
thiophenecarboximidamide hydroiodide, 1.76 g, m.p. 229-231 ""C, 

Example 30 

25 N-r4-r2-r rr trifluQromet hvncarbonvnaminokthvnphenv]V2- 
thiophenecarboximidamide 

fa^ 4-r2-frrtrifluQrome thvncarbonvnamino^ethvnnitrobenzene 
To a stirred solution of 4-nitrophenethyIamine hydrochloride (1.84 g, 9.10 mmol) 
and triethylamine (3.03 ml, 21.70 mmol) in methanol (12 ml) was added 
30 trifluoroacetic anhydride (1.51 ml, 10.66 mmol) dropwise. After stirring for 1 
minute, the solvent was removed at reduced pressure and the remaining residue 
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was mixed with water and extracted with methylene chloride (3 X 20 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, filtered, 
and concentrated to yield a solid which was recrystallized from methylene 
chloride/hexane to give 4-(2-(((trifluoromethyl)carbonyl)amino)ethyl)nitrobenzene 
5 as a white solid: 1.92 g (80% yield); m.p. 103-104 **C. 

(b) 4-f2-rfrtrifl uoromethvncarbonvnaminokthvnaniline 

To a stirred solution of the product of step (a) (0.52 g, 1.98 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C The mixture was 
hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to give 4- 
10 (2-(((trifluoromethyI)carbonyl)amino)-ethyl)aniline which was homogeneous by TLC 
and used immediately in the next reaction. 

(c) N-r 4-(2'(( f trifluoromethvncarbonvnaminQkthvi^phenvn-2- 
thiophenecarhoximidamide 

To a solution of the product of step (b) (0.30 g, 1.29 mmol) in isopropanor(6 ml) 
15 was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of 

Example 1, step (d)) (0.37 g, 1.29 mmol). The mixture was stirred for 4 hr, turned 
into a solution of saturated NaCl (50 ml) and 50% NaOH (4 ml), and extracted 
with ethyl acetate (3 X 20 ml). The combined extracts were washed with water, 
dried over magnesium sulfate, filtered and concentrated to a solid which was 
20 recrystallized from hexane/ethyl acetate to yield N-(4-(2-(((trifluoromethyl) 

carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide as a slightly yellow solid: 
0.19 g (43% yield). m.p. 18M82 "C. 

Example 31 

25 N-f4-f2-rfrmethvncar honvnaminokthvnphenvlV2-thiophenecarboximidamide 
(a) 4-(2'( (( methvncarbonvnaminokthvnnitrobenzene 
. The above compound was made by the mothod of Example 30 step (a) except that 
trifluoroacetic anhydride was replaced by acetic anhydride. 1.28 g of a pale yellow 
solid was obtained that was used immediately in the next reaction. 

30 (b) 4-(2-( ( ( methvncarbonvnaminokthvnaniline 
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To a stirred solution of the product of step (a) (0.82 g. 3.94 mmol) in THF/MeOH 
(100 ml, 1:1) was added 4 ml of 1 N HCl and a catalytic amount of 10% Pd/C The 
mixture was hydrogenated at 50 psi for 4 hr, filtered through celite, and 
concentrated to give a solid. The solid was turned into a solution of saturated NaCl 
5 (50 ml) and 50% NaOH (4 ml), and extracted with ethyl acetate (3 X 20 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, filtered 
and concentrated to a solid which was used immediately in the next reaction, 
(c) N-f 4-f 2-r ( ( methvl'jcarbonvnamino'lethvnphenvlV2-thiophenecarboyimidamide 
The above compound was prepared following the procedure of Example 30, step 
10 (c). After recrystallization from ethyl acetate/methanol, 0,56 g of a tan solid was 
obtained, mp. 186-187 **C. 

Example 32 

N-f4-f2-frrphenvlmethvncarbonvnaminokthv1'>phenvlV2*thiophenecarhoximidamide 
15 (a) 4-r2-f ( ( phenvlmethvncarbonvnamino^ethvnnitrobenzene 

The above compound was prepared following the procedure of Example 30, step 
(a) except that trifluoroacetic anhydride was replaced by phenylacetyl chloride. 1.42 
g of a pale yellow solid was obtained that was used immediately in the next 
reaction. 

20 (b) 4-r2-r ( ( phenvlmethvllcarhonvnamino'lethvnaniline 

The above compound was prepared by an analogous process to that described in 

Example 8, step (b). The oil obtained was used immediately in the next reaction. 

(c) N-f A-(2-(( ( phenvlmethvncarbonvnaminokthvnphenvn-2- 

thiophenecarboximidamide 
25 The above compound was prepared following the procedure of Example 30, step 

(c).- After recrystallization from ethyl acetate/methanol, 0.45 g of a tan solid was 

obtained, mp. 210-211 ''C 

Example 33 

30 N-r4-r2-frrnhenvncarhonvnamino)ethvnphenvlV2-thiophenecarhoximidamide 
(a) 4-r2-r ( fphenvlkarbonvnamino^ethynnitrohenzene 
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The above compound was prepared following the procedure of Example 30, step 

(a) except that trifluoroacetic anhydride was replaced by benzoyl chloride, 1.77 g of 
a pale yellow solid was obtained that was used immediately in the next reaction. 

(b) 4-f2-rrrphenvncarbQnvnamino^ethvnaniline 

5 The above compound was prepared by an analogous process to that described in 
Example 8, step (b). The oil obtained was used immediately in the next reaction. 

(c) W4-(2-((( phenvncar bonvnaminn^ethvnphenvlV2-thiophenecarboximidamide 
The above compound was prepared following the procedure of Example 30, step 
(c). After reciystallization from ethyl acetate/methanol, 1.10 g of a tan solid was 

10 obtained, m.p. 196-197 °C 

Example 34 

N-f4-frfDhenvniminocarbo nvnamino^phenvn-2-th!oohenecarboximidamide 
(a) N-f4-nitrophenvl^ben2enecarboximidamide 

15 To a stirred solution of benzonitrile (25 ml) was added a catalytic amount of 4- 
dimethylaminopyridine. To this was added 4-nitroaniIine hydrobromide (10:0 g, 
0.57 moles) and the reaction then heated to 190 °C for six hours. The reaction 
mixture was allowed to cool and 25 ml isopropanol was added. A solid was 
collected by filtration to yield 8.6 g of N-(4-nitrophenyl)ben2enecarboximidamide, 

20 m.p.. 240-241 X 

(h) N-r4-aminophenvnbenzenecarboximidamide 

To a pressure bottle charged with the product of step (a) (8.6 g, 0,024 moles) in 
200 ml of methanol was added 20 ml of isopropanol/HCl and 0.5 g of 10% 
palladium on carbon. The reaction was hydrogenated for six hours; the catalyst was 

25 removed by filtration and the solvent evaporated. To the residue was added 50 ml 
of isopropanol and 100 ml of ethyl acetate, the solid was slurried and then collected 
by filtration to yield 10.6 g of N-(4-aminophenyl)benzenecarboximidamide 
hydrochloride. The N-(4-aminophenyl)benzenecarboximidamide hydrochloride was 
dissolved in 100 ml of water and 20 ml of 50% sodium hydroxide. The aqueous 

•30 phase was extracted (3x100 ml) of ethyl acetate, and dried over magnesium sulfate. 
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Evaporation of the solvent gave solid product N-(4-aniinophenyI)ben2ene 
carboximidamide, yield 1.6 g. 

(c) N-f4-rrrphen vniminocarbonvnamino)Dhenvn-2-thiophenecarboximidamide 
To a stirred suspension of the product of step (b) (l.lg, 0.0052 moles) in 5 ml of 
5 isopropanol was added S-methyl-2-thiophenecarboxthioimide hydroiodide (the 
product of Example 1, step (d)) (1,5 g, 0.0054 moles) and the reaction was stirred 
for 48 hours. The solid was collected by filtration, this was dissolved in a solution 
containing 100 ml of water and 10 ml of 50% sodium hydroxide and the aqueous 
phase was extracted three times with ethyl acetate (100ml), The organic phase was 
10 dried over magnesium sulfate and subsequent evaporation of the solvent gave a 
crude oil. The crude oil was dissolved in 20 ml of methanol and HCl gas was 
added; upon standing a solid crystallized and was collected by filtration. The 
product, N-(4-(((phenyl)iminocarbonyl)amino)phenyI)-2-thiophenecarboximidamide, 
was dried at 80 **C for 24hrs. m.p. 317-318 **C 

15 

Example 35 

The following compounds were prepared following a method analogous to that of 
Example 34: 

(a) N-NV1.4-phenvlene^hi s-2-thinphenecarboximidamide hvdroiodide. m.p. 
20 278-279 

(b) N-N"-fl.3-phenvlene^bi s-2-thiophenecarboximidamide. m.p. 219-220 °e 

(c) N.NVL3-phenvlene1hi s-2-chlQrQphenvlcarboximidamide dimaleate, m.p. 
200-201 

(d) N.N'-ri,4-phenvlene^bis- 3-chlQrnthinnhene-2-carhoximidamide free base. 
25 m.p. 247-248 

(e) N-f4-rfr2-methoxvphe nvniminocarbonvnamino^phenvn-2-thionhene 
carboximidamide free hnse^ ni.p. 187-188 **C 

(0 N-f4-frrPh envniminocarbonvnamino^phenvlV3-chlorothioDhene 
-2-carboximidamide free base, m.p. 213-214 
30 (g) N-r 4-r r rPhenvniminocar honvl^aminn^phenvlVS-thiophene 
carboximidamide dihvdrochioride. m.p. 323-324 
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(^) N-r3-rrrpheTivniminQcarbonvnamin o^phenvlV2-thiophenecarhoximi^^ 
m.p. 295-296 

(0 N-r4-rrr4-chlorophenvl)f minocarhririvnamino^DhenvlV2- 
thi'ophene carboximidamine dihydrochloride, m.p. 296-297 °C 
5 0) N-f4-frr2-chlorophenvl) iminocarbnnvnamino^phenvlV2- 
thiophene carboxiniidamide dioxalate, m.p. 166-167 **C 
(k) N-r4-frr4-brorriophenv niTninQcarhnnvnamino^phenvn-2- 
thiophenec arboximidamide dioxalate^ m.p. 236-237 *C 
0) N-C4-rrr3-chloro-4-met hvlphenvl)iminocarbonvnamino>phenvlV2- 
10 thiophenecarboximidamide dihvdrochloride. m.p. 294-294 ^'C 

i^) N-r4-rrr3,5-dimethQxvph envlV'minocarbonvnam!no)phenvn-2- 
thiophenecarboximidamide dioxalate. m.p. 226-227 °C 
(n) N-(4-rrr3.5-dichlorQph envniminncarbonvl^amino^phenvn-2- 
thiophene carboximidamide dinxalnte. m.p. 237-238 

1^ (o) N-r4-rrrPhenvniminocarhonvnaminn^ phenvn-2-furancarhoximidamide dioxalate 
m.p. 210-211 °e 

(P) N-f4-rfr3-methvlnhenvn iminocarhonvnamino^phenvn-2- 
thiophene carboximidamide free base m.p. 205-206 ""C 
(q) N-f4-rrr3-Methoxvphen vl^iminocarhonvnamino)Dhenvn-2- 
20 thiophene carboximidamide free h^^e m.p. 194-195 °C 

(0 N-r4-rfr3-Bromonhenvn iminocarbQnvnamino^phenvn-2- 
thiophene carboximidamide dihvdrohromide m.p. 293-294 ""C 
(s) N-f4-frr3-chlorQphenvl )iminncarbnnvl^aminQ^phenvlV2- 
thiophenecarboximid amide dihvdrochloride m.p. 310-311 X 

25 (t) N-f4-rrf3-methvlphenvniminocarho nvnamino^phenvlV2-pvrrolecarboximidamide 
dihvdrobromide m.p. 210-211 **C 

(u) N-r4-rfr4-chlorophenv niminocarhonvnamino^phenvn-2-pvrrolecarboximidamide 
difumarate m.p. 228-229"C 



30 Example 36 
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N-r4-f2-rrrPhenvl amino)carbonvnamino^ethvnnhenvlV2-thioDhenecarboxami^ 
hvdroiodide 

(a) N-r2-f 4-NitroDhenvl^ethvnN>henvl urea 

Prior to running the reaction, a 3.09g sample of 4-nitrophenylamine hydrochloride 
5 was dissolved in 20 mis water and treated with 30 mis 2N NaOH. The freebase was 
extracted with 2x75 mis diethyl ether. The ether layer was dried over magnesium 
sulfate, and the volume of the ether was reduced under vacuum to —60 mis. To 
this solution was added 1.81g of phenyl isocyanate dropwise. The white solids that 
precipitated upon addition were stirred for three hours, then were collected by 
10 filtration and washed with ether. Air drying left 3.67g N-(2-(4- 
Nitrophenyl)ethyl)N'phenyl urea, m.p. 170-172 ^'C 

(b) fi'(2'( 4-aminonhenvnethvl Wphenvl urea 

To a pressure bottle charged with 3.67g N-(2-(4-Nitrophenyl)ethyl)N*phenyl urea in 
100 mis of a 50/50 volume mix of methanol/THF was added a catalytic amount of 

15 5% Pd/C. The mix was hydrogenated under 50 psi hydrogen gas for 24 hours, the 
catalyst was filtered and TLC showed starting material and two lower Rf spots. 
The solvents were removed by evaporation in a vacuum and the resultant solid was 
taken up in methanol, and an excess of oxalic acid was added. The solution was 
quenched with ether and the precipitated white solids were collected by filtration. 

20 The solids were treated with 100 mis 2N NaOH, and the freebase was extracted 
with ethyl acetate; the organic layer was dried with magnesium sulfate and ' 
evaporated to leave a yellow solid; N-(2-(4-aminophenyl)ethyl) 
N'phenyl urea (430 mg). 

(c) N-f 4-f 2-r ( f Phenvlaminokarhonvnaminn^ethvnohenvl V2- 
25 thiophenecarboxamidine hvdroiodide. 

To a solution of 430mg N-(2.(4-Nitrophenyl)ethyl)N'phenyl urea slurried in 3 mis of 
isopropyl alcohol was added 435 mg of S-methyl-2.thiophenecarboxamide 
dihydroiodide (the product of Example 1, step (d)). The niix was stirred for 16 hrs 
at room temperature. The suspension was diluted in 25 mis isopropyl alcohol and 
30 the solids were collected by filtration to leave a yellow/tan solid. The solids were 
recrystallized from methanol/ether. Two batches were collected and combined to 
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give 470 mg of N-(4-(2-(((Phenylamino)carbonyl)amino)ethyI)phenyl)-2- 
thiophenecarboxamidine hydroiodide, m.p, 216-219**C. 

Example 37 

5 The following compound was made by a process analogous to that of Example 37: 
N-r4-f2-rrrphenvlaminokarbQnvnoxv'iethvnphenvlV2-thiophenecarboximidamide. 
m.p. 222.224°C 

Example 38 

10 N-f4-rrbisrphenvlmethvnamino^methvnphenvl)-2-thiophenecarboximidamide 
(a) 4-(fbisfphenvlmethv!^amino'lmethvllnitrohenzene 

To 4-nitrobenylamine (1.61 g, i0.60 mmol) in DMF (25 ml) was added potassium 
carbonate (3.22 g, 23.30 mmol) followed by benzyl bromide (2.64 ml, 2130 mmol). 
The mixture was allowed to stir for 2 days» dumped into water and extracted with 

15 ethyl acetate (3 X 50 ml). The combined extracts were washed with water, dried 
over magnesium sulfate, filtered, concentrated and chromatographed over silica gel 
(20% ethyl acetate/hexane) to yield 4-((bis(phenylmethyl)amino)methyl) 
nitrobenzene: (1,64 g, 47%); M.S. (M+H)*= 333. 
fb^ 4-frbisfphenvlmethvnamino^methvnaniline 

20 To the product of step (a) (0.56 g, 1.69 mmol) in AcOH (15 ml) was added Tin(II) 
chloride dihydrate (100 g, 19.03 mmol) followed by concentrated HCl (5 ml). The 
mixture was stirred for 20 hr, cooled to 0 **C, quenched with 50% NaOH, and 
extracted with ethyl acetate (3 X 50 ml). The combined extracts were washed with 
water, dried over magnesium sulfate, filtered, concentrated and chromatographed 

25 over silica gel (30% ethyl acetate/hexane) to yield 4-((bis(phenylmethyl) 
aniino)methyl)aniline: (0.29 g, 57%); M.S. (M+H)*= 303. 
(c) N-f4*(rbisfphenv1 methvnamino)methvnphenvn-2-thiophenecarhoximidamide 
To a solution of the product of step (b) (0.28 g, 0.93 mmol) in isopropanol (6 ml) 
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of 

30 Example 1, step (d)) (0.26 g, 0.93 mmol). The mixture was stirred for 14 hr, 
quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate ( 3 X 30 ml). 
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The combined extracts were washed with water, dried over magnesium sulfate, 
filtered, and concentrated to a solid which was recrystallized from ethyl 
acetate/hexane to yield N-(4-((bis(phenyImethyl)amino)methyl)phenyl) 
-2-thiophene;carboximidamide as a white solid: (86 mg, 22%); m.p. 127-128 °C. 

5 

Example 39 

The following compound was prepared following a process analogous to that of 
Example 8: 

N-f4-r2-aminomethvnphenvlV2-thionhenecarboximidamide hvdrobromide. m.p.l88- 
10 189*^0 

Example 40 

N-f3-fl.2,3.4-tetrahvdroisoquinnlin-2-vlmethvnphenvlV2-thiophenecarboximidamide 
dihvdrobromide 

15 (a) 3-ri.2,3.4-tetrahvdroisoquino]in-2-vlmethvnnitroben2ene 

To 3-nitrobenzyl chloride (2.00 g, 11.66 mmol) in DMF (25 ml) was added 
potassium carbonate (1.93 g,13.96 mmol) followed by tetrahydroisoquinoline (1.55 g, 
11.66 mmol). The mixture was allowed to stir for 4 hr, dumped into water and 
extracted with ethyl acetate (3 X 50 ml). The combined extracts were washed with 

20 water, dried over magnesium sulfate, filtered, and concentrated to an oil. The oil 
was dissolved in ether and treated with IPA/HCl to afford 
3-(l,2,3,4-tetrahydroisoquinolin-2-ylmethyl)nitrobenzene hydrochloride: (1.96 g, 
55%); m.p. 196-197 *»C. 

(b) 3-ri.2,3.4-tetrahvdroisoquinolin-2-vlmethvnaniline hydrochloride 
25 To a stirred solution of the product of step (a) (LOOg, 3.29 mmol) in THF/MeOH 
(100 ml, 1:1) was added a catalytic amount of 10% Pd/C. The mixture was 
hydrogenated at 50 psi for 0.5 hr, filtered through celite, and concentrated to give 
3-(l,2,3,4-tetrahydroisoquinolin-2-ylmethyl)aniline hydrochloride which was 
homogeneous by TLC and used immediately in the next reaction. 
30 (c) N-r3-ri.2.3.4-tetrahvdroisoquinolin-2-vlmethvnphenvn-2- 
thiophenecarboximidamide 
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To a solution of the product of step (b) (0,90 g, 3.29 mmol) in isopropanol (3 
ml)/DMF (1 ml) was added S-methyl-2-thiophenethiocarboximide hydroiodide (the 
^ product of Example 1, step (d)) (0.94 g, 3.29 mmol). The mixture was stirred for 
14 hr, quenched with 2 N NaOH (2 ml) and extracted with ethyl acetate ( 3 X 30 
5 ml). The combined extracts were washed with water, dried over magnesium sulfate, 
filtered, and chromatographed over silica gel (8% methanol/methylene chloride) to 
yield the title compound as the free base. Treatment with IPA/HBr yielded 

N-(3-(l,2,3,4-tetrahydroisoquinolin-2-ylmethyl)phenyl)-2-thiophenecarboximidamide 
as a white solid: (0,26 g, 16%); m.p. dec >179 **C. 

10 

Example 41 

N-f4-r4-rrDhenvl methvnaminolbutvnphenvn-2-thiophenecarboximidamide dimaleate 

(a) 4-r4>nitrop henvn-N-rphenvimethvnbutvlamide 

A sample of 4-(4-nitrophenyl)butyric acid, 2.09 g, dissolved in 20 ml of 
15 dichloromethane was treated with benzylamine, 1,07 g, giving suspended solids. 
The mix was treated with diphenylphosphorylazide, 2,75 g, and 20 ml of dioxane 
and on stirring for 4 hours it became clear. The mix was diluted with 100 ml of 
ethyl acetate and washed twice with 100 ml of 2 M potassium carbonate, then 100 
ml of 1 M hydrochloric acid. The organic layer was dried with magnesium sulfate 
20 and evaporated to give solids. The solids were dissolved in 150 ml of cyclohexane 
and 50 ml of ethyl acetate, and cooled to give white solids; these solids were 
collected by filtration and air dried to give 4-(4-nitrophenyl)-N- 
(phenylmethyl)butylamide mp 133-135 

(b) 4-f 4-amino phenvl VN-r phenvlmethvnbutvlamide hvdrochloride 

25 A sample of the product of step (a), 0.80 g in 20 ml of ethanol and 20 ml of ethyl 
acetate was treated with 0.4 g of 5 % paladium on carbon and placed under 50 psi 
of hydrogen. TLC after one hour showed a new spot, Rf 0.2 with 15% acetone in 
methylenechloride. The mix was evaporated to dryness, and then treated with 30 
ml of toluene. The residue was di.ssolved in 10 ml of THF and treated with 5 ml of 

30 1 M lithium aluminium hydride in THF (Aldrich) giving a clear solution. After one 
hour at room temperature, 1 ml of 2M sodium hydroxide was added dropwise, 



wo 95/05363 



PCT/GB94/01767 



.60- 

foUowed by 10 g of anhydrous sodium sulfate. After stirring for 30 minutes, the mix 
was filtered and treated with hydrogen chloride gas and an oil formed. The mix 
was treated with 3 ml of isopropanol, and further hydrogen chloride gas, giving 
solids. The mix was cooled to -20 for 2 hours, then filtered and air dried to give 
5 4-(4.aminophenyl)-N.(phenylmethyI)butylamide hydrochloride; 
Chloride analysis: calc 20.78 found 20.64 

(c) 4-f 4-f rphenvlmethvnaminolbutvllaniline dihvdrochloride 

A sample of the product of step (b) was suspended in 5 ml of THF and treated 
with 5 ml of 1 M lithium aluminium hydride in THF (Aldrich) giving a clear 

10 solution. The mixture was warmed to reflux for 5 hours, then cooled. The semisolid 
mass was diluted with diethyl ether to 20 ml, and then 1 ml of 2M sodium 
hydroxide was added dropwise, followed by 4 cm^ of anhydrous sodium sulfate. 
After stirring for 15 minutes, the mix was filtered and the solids were washed with 
20 ml of diethyl ether. The combined filtrates were treated with hydrogen chloride 

15 gas and allowed to stand at room temperature. The soUds that formed were 
collected by filtration and dried in vacuo to give 4-(4- 

(phenyhnethyI)amino)butyl)aniline dihydrochloride; Chloride analysis: calc 21.66 
found 21.63 

(d) N-f4-f4-frphenv]methvnamino'>butvnphenvlV2-thiophenecarbQximidamide 
20 dimaleate 

A sample of the product of step (c), 0,50 g, and S-raethyl-2- 
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)), 0.44g 
were combined in 4 ml of isopropanol and warmed to 60 '^C. After 2 hours, TLC 
with 15 % methanol in chloroform on silica showed that the starting aniline was 

25 mostly consumed, and that there had developed a new spot of lower Rf. The mix 
was diluted with 20 ml of IM potassium carbonate, and extracted with ethyl acetate. 
The ethyl acetate extract was dried with 10 g of potassium carbonate and treated 
with 0.150 g of maleic acid, giving a gummy precipitate. TLC of the precipitate 
versus the supernatant showed the precipitate to be a mix of the starting amine and 

30 product, and that the supernatant contained mostly product. The supernatant was 
then treated again with 0.150 g of maleic acid, giving a gummy precipitate, and the 
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remaining supernatant was decanted. The solids were dissolved in 5 ml of 
methanol and precipitated with 100 ml of diethylether. The resulting gummy 
precipitate was reacted with 1 ml of water, diluted with acetone to 200 ml giving a 
^ clear solution, diluted with diethyl ether to 275 ml and cooled to -20 ^'C The solids 
5 were collected by filtration, washed with 20 ml of diethyl ether, and dried in vacuo 
to provide N-(4-(4-((phenylmethyI)amino)butyl)phenyl)-2- 
thiophenecarboximidamide dimaleate, m.p. 104-106 *C 

Example 42 

10 N-r 4-r ( ( r2-thioDhenvniminomethvnamino)methvl^phenvn-2- 
thiophenecarboximidamide difumarate 
(a) 4-aminomethv!aniline 

To a solution of 4-nitrobenzylamine hydrochloride (9.0g, 0.0477) in methanol 

(200ml) was added 20ml of IPA/HQ and a catalytic amount of 10% palladium on 
15 carbon. The mixture was hydrogenated at 50 psi for 4hrs, filtered through celite, 

concentrated to a solid. The above solid was then dissolved in 300ml of water and 

20ml of 2N sodium hydroxide and extracted into methylene chloride (3x100ml). 

The combined extracts were dried over magnesium sulfate, filtered and 

concentrated to give 4-aminomethylaniline as an oil (6,lg). 
20 (b) N-r4-rfrr2-thiophenvniminomethvnamino^methvnphenvlV2- 

thiophenecarboximidamide difumarate 

To a stirred solution of 4-aminomethylaniline (L6g, 0.0013mmol) in (10ml) 
dimethylformamide and (10ml) of isopropanol was added S-methyl-2- 
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)) (4.4g, 
25 0.015mmol). The mixture the heated to 40 ""C for 72 hrs. The reaction was diluted 
with 20% aqueous sodium hydroxide, and the solids collected by filtration to yield 
(2.5g). The fumaric acid salt was made from isopropanol and methanol, to yield 
(lOg) of N-(4-(((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2- 
thiophenecarboximidamide difumarate, m.p. 200-201 **C 

30 

Example 43 
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The following compounds were prepared by a process analogous to that of Example 
17: 

(a) N-n-r3-fl-pvrroHdinvnpropvnphenvn-phenv]carboximidamide dioxalate, m.p. 
138-139 ^'C 

5 (b) N-r4-f 2-f ( 4-methQxvphenvlmethvnamino)ethvnphenvn 
-2-thiophenecarboximidamide free base, m.p- 144-145 ^^C 

(c) N-r 4-f 2-r ( 4-methvlphenvlmethvnamino'iethvnphenvlV2- 
thiophenecarboximidamide monohvdrochloride, m.p. 225-226 

(d) N-r3-r2-rr3-Dhenvlpropvnamino)ethvnphenv]V2-thiophenecarboximidamide 
10 dihvdrobromide m.p. 183-186 °C 

(e) N-r3*f2-rr2-methvlnhenvlmethvnamino'lethv])nhenv]V2- 
thiophenecarboximidamide free base m.p. 114-116 "C 

(f) N-r4-f2-fri-indanvnethvnamino)phenvl]-2-thiQphenecarboximidamide dioxalate. 
m.p. 95 **C (dec) 

15 (g) N-r4-r2-frf 4-pvridvnmethvnamino^ethv1'lphenvlV2-thiophenecarboximid 
trihvdrochloride m.p. >250**C 

(h) N-f4-r2-rrf 2-thienvnmethvnamino^ethv]'>phenvlV2-thiophenecarboximidamide 
dioxalate ra.p. 226-227°C 

20 Example 44 

N-f3-f2-fr2-phenvlethvl^aminokthvnphenvn-2-thiophenecarboximidamide 
dihvdrobromide 

(a) N-f2-Dhenvlethv]V3-nitrophenvlacetamide 

2.50g (0.0138 moles) of 3-nitrophenyIacetic acid were refluxed in 25mls of thionyl 
25 chloride. The solvents were evaporated and the residue taken up in 50mls of THF 
before 3.51 g (0.290 moles) of phenethylamine were added dropwise at 0 **C. The 
mix was stirred for 48 hours and the hydrochloride salt of the amine was filtered off 
as a white solid. The wash was evaporated to leave N-(2-phenylethyl)-3- 
nitrophenylacetamide, a dull orange oil, 4.48 g. The product was analyzed by MS 
30 and NMR. 

(b) N-f2-phenvlethvlV2-r3-nitrophenvnethvlamine 
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To a stirred solution of the product of step (a), 4.48g, (0.0158moles) in 80ml dry 
THF was added 47.4 ml of IM Borane/THF. The mix was heated to reflux for 3 
hours and cooled before 10 ml of methanol was added carefully followed by 20 ml 
of 4N HQ. The solution was concentrated by evaporation under vacuum to leave a 
5 reddish liquid. The oil was basified with 2M NaOH and the product extracted with 
3x50ml of EtOAc. The organic layers were combined, dried over magnesium 
sulfate and evaporated to leave an oil The oil was dissolved in HCl/ isopropanol 
solution. White solids formed and were collected by filtration to give N-(2- 
phenylethyl)-2-(3-nitrophenyl)ethy!amine,,163g, m.p. 196-200 ^'C 

10 (c) N-r2-phenvlethvn-N-r2-r3-nitrophenvnethvntriflunrnacetamide 
To a slurry of the product of step (b), 2.63g, (0.00857moles) in 40ml 
dichloromethane was added 1.99g (0.0197 moles) of triethylamine and the mix was 
cooled to 0 before 2.34g (0.111 moles) of trifluoroacetic anhydride was added 
dropwise. After 45 minutes, the mixture was quenched with 50ml water and the 

15 product extracted with 3x50ml dichloromethane. The organic layers were 

combined, dried over magnesium sulfate and evaporated to leave N-(2-phenylethyl)- 
N-(2-(3-nitrophenyI)ethyl)trifluoroacetamide, 3.3g, as an oil. 

(d) N-f2-DhenvlethvlV N-r2-r3-aminonhenvl)ethvntrifluornacetamide 

To a solution of the product of step (c), 33g, in 75ml each of THF and methanol 
20 was added a catalytic amount of 10% Pd on carbon. After 1 hour under 50 psi 
hydrogen, the reaction was complete. The catalyst was filtered off and the solvents 
^ evaporated to leave N.(2-phenylethyl>N<2-(3-aminophenyl)ethyl) 
trifluoroacetamide, 2.88g, as an oil. 

(e) N-f3-f2-ff2-nhenvlethvi ^aminn^ethvnnhenvlV2-thior3henecarboximidamide 
25 dihvdrobromide 

To a solution of the product of step (d), 2.88g (0.00857 moles) in 15 ml 
isopropanol was added 2.94g of S-methyl-2-thiophenethiocarboximide hydroiodide 
(the product of Example 1, step (d)). The mixture was stirred at room temperature 
for 16 hours then a solid yellow residue was filtered off and discarded," The wash ^ 
30 was evaporated and the residue dissolved in minimal methanol; the solution was 
basified with 2M NaOH and heated to 50 ""C for 30 minutes. The deprotected 
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product was extracted with SxSOml ethyl acetate, the organic layers were combined, 
washed with 2x50ml water, dried over magnesium sulfate and evaporated to leave 
an oil. The free base was dissolved in an isopropanol solution of HBr. Solids 
formed with the addition of ethyl acetate and cooling were collected by filtration to 
5 give 102 mg of N-(3-(2-((2-phenylethyl)amino)ethyl)phenyl)-2- 
thiophenecarboximidamide dihydrobromide salt m,p. 137-139 *C. 

Example 45 

The following compounds were prepared by following a method analogous to that 
10 of Example 44: 

(a) N'f4-f2-aminoethvl')phenvlV2-pvrrolecarboximidamide dioxalate m.p. 145 °C 
(dec) 

(b) fSVN-f4-f2-ffl-phenvlethvnamino^ethvnphenvlV2-thiophenecarbQximidamide 
dihvdrochloride m.p. 197 dec 

15 (c) fR VN-f 4-f 2-r ( l-phenvlethvnamino')ethvl)phenvl V2-thiophenecarbQximidamide 
free base. m.p. 92-94 

(d) N-f3-f2-rf4-phenvlbutvnamino'iethvnphenvlV2-thiophenecarboximidamide 
dihvdrobromide. m,p. 136-139 

20 Example 46 

N-f4-rffphenvlmethoxvkarbonvnaminomethvnphenvlV2-thiophenecarboximidamide 
oxalate 

(a) 4-ffrphenvlmethoxv'jcarbQnvl'jaminomethvnnitrobenzene 

A sample of 4-nitroben^lamine hydrochloride, 5 g, and 200 ml of water was treated 
25 with sodium bicarbonate, 10 g. The mixture was treated with 50 ml of ethyl 
acetate, and then benzyl chloroformate, 4 ml. After 4 hours, the mix was treated 
with 200 ml of hexanes, and the precipitated solids were collected by filtration. The 
crude product was dissolved in 150 ml of hot methanol, filtered, diluted with 250 ml 
of water, and cooled. The resulting solids were collected to give 
30 4-(((phenylmethoxy)carbonyl)aminomethyl)nitrobenzene, m.p. 92-93 **C. 

(b) 4-f (( phenvlmethoxvkarbonynaminomethvnaniline 
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The product of step (a), 6.0 g was treated with 10 ml of acetic acid and 100 ml of 
methanol- The mixture was treated with platinum sulfide on carbon, 0,97 g, and 
treated with 50 psi of hydrogen gas; after 20 hours, the mixture was filtered and 
evaporated in vacuo. The residue was dissolved in 50 ml of ether, and diluted with 
5 hexanes to 200 ml. The mixture was then stirred for five days and filtered to give . 
4-(((phenylmethoxy)carbonyl)aminomethyl)aniline, m.p. 60-64 **C 
(c) N-r4-rrrphenvlmethoxv')carbonvnaminomethvnphenvn-2- 
thiophenecarboximidamide oxalate 

The product of step (b), 0.89 g, and S-methyI-2-thiophenethiocarboximide . 

10 hydroiodide (the product of Example 1, step (d)), 1.0 g, were combined in 6 ml of 
isopropanol, and stirred at 30 ^'C After 4 hours, the mixture was precipitated with 
ether, giving gunmiy solids which were taken up in 100 ml of hot water, treated with 
cellite and filtered- The mix was cooled, giving gummy white solids which were 
treated with 50 ml of ethyl acetate and 5 g sodium bicarbonate. The ethyl acetate 

15 layer was dried with magnesium sulfate, and cooled to -20 The mix was then 
treated with hexanes, and failed to give crystals. The mix was evaporated in vacuo, 
and the crude free base, 0.7 g, was dissolved in 40 ml of warm isopropanol and 
treated with oxalic acid dihydrate, 0.26 g. On cooling and treatment with 150 ml of 
ether a tacky precipitate resulted After stirring overnight at room temperature, the 

20 resulting solids were collected by filtration to yield 

N-(4-(((phenyhnethoxy)carbonyl)aminomethyl)phenyl)-2-thiophene carboximidamide 
oxalate, nup. 150-160 

Example 47 

25 N-<'4-f2-ffphenvlmethvnamino^ethoxv1phenvlV2-thioDhenecarboximidamide 
hvdroiodide 

(a) 4-nitrophenoxv-N-fphenvImethvnacetamide 

A sample of 4-nitrophenoxy-N-(phenylmethyl)acetic acid hydrazide (Lancaster), 4.22 
g, was treated with 20 ml of 1 M aqueous HQ and 200 ml of ethyl acetate. The mix 
30 was cooled to 10 ^^C, and then 1.38 g of sodium nitrite in 20 ml of water was added 
over 2 minutes. The mix was stirred for 5 minutes, the layers were separated, and 
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the ethyl acetate layer was dried with sodium sulfate. The ethyl acetate solution was 
treated with 5 ml of benzylamine, giving a prompt precipitate formation. After, 20 
minutes the mix was washed with 100 ml of saturated sodium carbonate, then 100 
ml of 1 M HQ (aqueous). The ethyl acetate layer was then evaporated. The solids 
were dissolved in 50 ml of acetone, and precipitated with water. The solids were 
collected by filtration to provide 4-nitrophenoxy-N-(phenylmethyI)acetamide, m.p. 
125-126 **C, 3.76 g. 

(b) 4-amin6phenoxv-N*rphenvlmethvnacetamide 

A sample of the product of step (a), 3.74 g, was taken up in 100 ml of methanol 
and 100 ml of ethyl acetate. The mix was treated with 6.4 g of 10 % palladium on 
carbon and placed under 50 psi hydrogen. After one hour the mix was filtered, and 
concentrated in vacuo to provide crude 4-aminophenoxy-N-(phenylmethyl) 
acetamide; CHN calculated: C 70.29, H 6.29, N 10.93, found C 69.97, H 6.3, N 
10.90 

(c) 4-f2-r ( phen vlmethvnamino^ethnyv)anilme 

A solution of 3.2 g of the product of step (b) in 40 ml of dry THF under was 
treated with 40 ml of 1 M diborane in THF. The mix was warmed to reflux for 
three hours, treated with 40 ml of 6M aqueous HCI, and refluxed for 2 hours. The 
filtrate was concentrated under vacuo to 150 ml. The cloudy mix was treated with 
100ml of crushed ice and neutralised with 50 % NaOH, and the resulting fine solids 
were collected, washed with water, and dried by infrared to give 4-(2- 
((phenylmethyl)amino)ethoxy)annine, MS = 243, 98 % by capillary electrophoresis 

(d) N-r4-r2-frphenvlmethvn amino^ethoxv^nhenvn-2-thioDhenecarboximidamide 
hvdroiodide 

A sample of 4-(2-((phenylmethyl)amino)ethoxy)aniline, 0.81 g-and S-methyI-2- 
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)), 1.42 g 
were combined in 10 ml of isopropanol and stirred for 7 hours at room 
temperature. The resulting white solids were collected by filtration, washed with 10 
ml of isopropanol, and dried in vacuo to provide white solids, N-(4-(2- 

((phenylmethyl)amino)ethoxyjpheny!)-2-thiophenecarboximidamide hydroiodide, 
m.p. 193-195 
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Example 48 

N-[4-rfrDi phenvlaminokarhonvnamino)phenvl]-2-thiophenecarboxamidm^ 
hydrochloride 

(a) 4-rDiDhenvlaminofcarbonvnamino]ani1ine 

5 To a stirred solution of 1,4-phenylenediamine (LOO g, 9.25 mmol) and 
triethylamine (1.29 ml, 9.25 mmol) in methylene chloride (50 ml) was added 
diphenylcarbamy! chloride (2.14 g, 9.25 mmol). After stining for 14 hr, the mixture 
was dumped into water and extracted with methylene chloride (3 X 20 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, filtered, 
10 concentrated and chromatographed over silica gel (80% ethyl acetate/hexane) to 
yield 4-[diphenylamino(carbonyl)amino]aniline: (0.49 g, 17%); M.S. (M+H)'"= 
304. 

(b) N-r4-rrfDi Dhenvlamino)carbonvnamino^phenvl]-2-thiophenecarboxamidine 
hydrochloride 

15 To a solution of the product of step (a) (0.49 g, 1.62 mmol) in isopropanol (10 ml) 
was added S-methyl-2-thiophenethiocarboximide hydroiodide (the product of 
Example 1, step (d)) (0.46 g, 1.62 mmol). The mixture was stirred for 48 hr, 
dumped into basic water and extracted with ethyl acetate ( 3 X 30 ml). The 
combined extracts were washed with water, dried over magnesium sulfate, filtered, 

20 and concentrated to an oil. Treatment with IPA/HCI yielded N-[4- 

(diphenylamino(carbonyl)amino]phenyI-2-thiophenecarboxamidine hydrochloride as 
a white solid: (24 m g, 3.3%); m.p. 210-211 °C 

Example 49 

25 N-r3-rrben zovnaminQ^nhenvlV2-thiophenecarboximidamide oxalate 
(a) N-n-nitrophenvnhenzamide 

To a solution of 7.5 g (54 mmol) of 3-nitroaniline in a biphasic solution consisting 
of 100 ml of methylene chloride and 100 ml of 20% potassium carbonate was added 
dropwise 6.0 ml (52 mmol) of benzoyl chloride in 25 ml of methylene chloride. The 
30 reaction mixture was allowed to stir overnight and the organic phase was separated 
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and washed with dilute hydrochloric acid. The solvent was concentrated to give 
3.83 g (32%) of the title compound, MS 243 (M+H). 

(b) N-r3-aminophenvl')benzamide 

This compound was prepared following a process analogous to that of Example 30 
5 step (b). MS 213 (M+H). 

,(c) N-f3-frben20vnamino'iphenvlV2-thiophenecarboyimidamide oxalate 

This compound was prepared following the procedure of Example 30, step (b). 

The free base was converted to the oxalate salt in isopropanol. MS 323 (M+H). 

10 Example SO 

N-f4-frben2ovnamino1phenvn-2-thiophenecarboximidamide hvdroiodide 
(a) N-rS-nitrophenvOhenzamide 

This compound was prepared following a process analogous to that of Example 49, 
step (a). MS 243 (M+H). 
15 (b) N-f 4-aminoDhenvnhenzamide 

This compound was prepared following a process analogous to that of Example 30, 
step (b). MS 213 (M+H). 

(c) N-f4-ffbenzovnamino'>phenvlV2-thiophenecarbQximidamide hvdroiodide 

This compound was prepared following the procedure of Example 26, step (b) and 
20 was recrystallized from water, m.p. 234-5 °C 

Example 51 

N-f 3-f (( phenvlamino'lcarbonvnamino')phenvn-2-thiophenecarboximidamide oxalate 

(a) N-phenvl-NV3-nitrophenvl') urea 

25 To a solution of 5.0 g (36 mmol) of m-nitroaniline in 40 ml of ether was added 5.0 
ml (47 mmol) of phenylisocyanate. The solution was stirred for 6 hours. The 
product was filtered to afford 9.2 g (99%) of the title compound, MS 258 (M+H). 

(b) N-phenvl-NVS-aminonhenvn urea 

This compound was prepared by a process analogous to that of Example 30, step 
30 (b). Slurring the isolated product in ether afforded a solid product, m.p. 199-202 
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(c) N-f3-frfDhenvlaTTiino karhonvnaniino)phenvlV2-th!ophenecarboximidamide 
oxalate 

This compound was prepared following the procedure of Example 30, step (c). The 
free base was converted to the oxalate salt in isopropanol, 208-210 ^'C 

5 

Example 52 

N-f3-rfr4-pheno xvlbutvnaminokarbonvnphenv!V2-thiophenecarboximidamide 
oxalate 

(a) 3-nitrn-N-f4*phenoxvbutvnhenzamide 

10 This compound was prepared following a process analogous to that of Example 49, 
step (a). MS 315 (M+H). 

(b) N-rn-r4-n henoxvlbutvnamino^carbonvnaniline hydrochloride 

A solution of 7.8 g (25 mmol) N-4-phenoxybutylo-nitrobenzamide and 1 g of 5% 
palladium on carbon in 120 ml of isopropanol with hydrogen chloride added was 
15 hydrogenated at 45 psi for 3 hr. The catalyst was filtered off and the solvent was 
concentrated to give 6.7 g (84%) of the title compound, MS 285 (M+H). 

(c) N-r3-rrr4- phenoxvlbutvnaminokarbonvnphenvlV2-thiophenecarboximidamide 
oxalate 

The above compound was first convened to the free base and the title compound 
20 was prepared using the procedure of Example 30, step (c). The free base of the 
title compound was then con<^erted to the oxalate salt in isopropanol MS 394 
(M+H), m,p. 154-6 ^'C 

Example 53 

25 N-r3-frf4-phenvlbutvnaminokarbonvnphenvlV2-thiophenecarhoximidamide oxalate 

(a) 3-nitro-N-f4-phenv1butvnbenzamide 

This compound was prepared following a process analogous to that of Example 49, 
step (a). MS 299 (M+H). 

(b) 3-amino-N-r 4-nhenvlhutvnbenzamidc hydrochloride 

30 This compound was prepared following a process analogous to that of Example 52, 
step (b). MS 273 (M+H). 
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(c) N-r3-rrr4-phenvlbutvnaminokarbonvl'>phenvlV2-thiophenecarhoximidamide 
oxalate 

This compound was prepared following the procedure of Example 30, step (c) 
except an equivalent of triethylamine was also added. The free base was converted 
5 to the oxalate salt in isopropanol, MS 376 (M+H), m.p, 118-120 ^'C. 

Example 54 

N-f 4-((( rbenzvnamino'jcarbonvnmethvnphenvl V2-thiophenecarboximidamide 

(a) N-benzvI-r4-nitro'jphenvlacetamide 

10 This compound was prepared following a process analogous to that of Example 49, 
; step (a), m.p. 172-82 °C 

(b) N-benzvl-f4-amino')phenvlacetamide 

This compound was prepared following the procedure of Example 17, step (d), m.p. 
137-140 ^C. 

15 (c) N-f 4-f ( ( rbenzvnaminokarbonvnmethvnphenvl V2-thiophenecarhoximidamide 
This compound was prepared following the procedure of Example 30, step (c), m.p. 
157-161 'C. 



Example 55 

20 N-r4-f2-n-pvrro!idinvnethvnphenvn-2-thiophenecarboximidamide dihvdrobromide 

(a) N-pvrrolidinvl-r4-nitrQphenvnacetic acid 

To a solution of 3.12 g (43.9 mmol) of pyrrolidine in a biphasic solution consisting 
of 100 ml of methylene chloride and 100 ml of 20% potassium carbonate was added 
dropwise 7.3 g (36.5 mmol) of 4-nitrophenylacetyl chloride in 25 ml of methylene 
25 chloride. The reaction mixture was allowed to stir overnight and the organic phase 
was separated and washed with dilute hydrochloric acid. The solvent was 
concentrated to give 6.26 g (73%) of the title compound, m.p. 103-5 

(b) 4-f2-ri-pvrrolidinvnethvnnitrohenzene 

This compound was prepared following the procedure of Example 17, step (c). MS 
30 221 (M+H). 

(c) 4-f2-n-pvrrolidinvnethvnaniline 
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This compound was prepared following the procedure of Example 34, step (c). MS 
191 (M+H), 

(d) N-r4-r2-ri-pvrro]idinvnethvnphenvlV2-thiophenecarboximidamide 
dihvdrobromide 

5 This compound was prepared following the procedure of Example 18, step (b). 
The dihydrobromide salt was crystallised from isopropanol and ether, MS 300 
(M+H). 

Example 56 

10 N-f4-r2-ri-piperidinvnethvnphenvn-2-thiophenecarboximidamide dihvdrochloride 

(a) N-piperidinvl-C 4-nitrophenvnacetic acid 

This compound was prepared following the procedure of Example 56, step (a), m.p. 
105-7 ^C. 

(b) N-f4~r2-n-piDeridinvnethvnnitrobenzene 

15 This compound was prepared following the procedure of Example 17, step (c), MS 
235 (M+H). 

(c) N-r4-r2-n-Diperidinvnethvnaniline 

This compound was prepared following the procedure of Example 34, step (c). The 
hydrochloride salt was converted to the free base as an oil, MS 205 (M+H). 
20 (d) N-f4-f2-fl-DiDeridinvnethvnphenvlV2-thiophenecarboximidamide 
dihvdrochloride 

This compound was prepared following the procedure of Example 34, step (d). 
The dihydrochloride salt was crystallised from isopropanol and ether, m.p. 256-61 
*C 

25 

Example 57 

N-f4-f3-fl-pvTTolidinvnpropvnphenvn-2-thiophenecarhoximidamide dioxalate 

(a) N-pvrrolidinvl-r4-nitrophenvnpropenamide 

This compound was prepared following the procedure of Example 55, step (a), MS 
30 247 (M+H). 

(b) 4-r2-n-ffpvrolidinvncarhonvnethvnannine 
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This compound was prepared following the procedure of Example 34, step (c). MS 
219 (M+H). 

(c) 4-n-fpvrolidinvnpropvnaniline dihvdrochloride 

This compound was prepared following the procedure of Example 17, step (c). The 
5 dihydrochloride salt from ethanol, m.p. 262-5 °C. 

(d) N-r4-f3-fl-pvrrolidinvnpropvnphenvlV2-thiophenecarboximidamide dioxalate 
This compound was prepared following the procedure of Example 18, step (b). The 
dioxalate salt was prepared from ethanol and ether, m.p. 86-92 °C 

10 Example 58 

N-f4-r3-fl-piperidinvl')propvnphenvn-2-thiophenecarboximidamide dioxalate 
(a) N-piperidinvl-r4-nitronhenvnpropenamide 

This compound was prepared following the procedure of Example 55, step (a), m.p. 
168-71 **C. 

15 (b) 4-f2'fl-rrpineridinvncarbonvnethvnaniline 

This compound was prepared following the procedure of Example 34, step (c). MS 
233 (M+H). 

(c) N-r 4-f 2-f l-Diperidinynnronvnaniline 

This compound was prepared following the procedure of Example 17, step (c), 
20 m.p. 180-5 "C. 

(d) N-r4-f3-fl-piperidinvnnroDvnphenvlV2-thiophenecarhoximidamide dioxalate 
This compound was prepared following the procedure of Example 17, step (e). 
The dioxalate sah was prepared from ethanol and ethyl acetate, MS 328 (M+H). 

25 Example 59 

N-f4-f2-r2-fl,2.3,4-tetrahvdro1isoquinolvi^ethvnphenvlV2-thiophenecarboximidamide 
dihvdrobromide 

(a) 4-nitro-N-f2-isoquinolvnphenvlacetamide ' 
To a solution of 4-nitrophenylacetic acid (5.43 g 930 mmol) and 1,2,3,4- 
30 tetrahydroisoquinoline (5.6 g, 42 mmol) in methylene chloride (200 ml) was added 
l-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (6.13 g, 32 mmol). 
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The reaction mixture was allowed to stir for 18 hr. The reaction mixture was 
washed with dilute hydrochloric acid and dilute sodium hydroxide, dried, and the 
solvent was concentrated to give a solid. Trituration with ether gave the title 
compound, m.p. 137-9 
5 (b) N-f 4-f 2-r2-r 1.2.3.4-tetrahvdro^isoquinoIvnethvnnitrobenzene 

This compound was prepaired following the procedure of Example 17, step (c), m.p. 
97-102 

(c) N-f4-f2-r2-ri.2.3.4-tetrahvdroMsoquinolvnethvnaniIine 

This compound was prepared following the procedure of Example 34, step (c), m.p. 
10 300 "^C (dec). 

(d) N-f 4-f 2-r2-r l-2.3.4-tetrahvdroMsoquinolvncthvnphenvIV2- 
thiophenecarboximidamide dihvdrobromide 

This compound was prepared following the procedure of Example 18, step (b). 
The dihydrobromide salt was prepared from ethanol and ethyl acetate, MS 362 
15 (M+H). 

Example 60 

N-f4-frfrphenvlmethvnamino')methvlcarbonvnamino^phenvlV2- 
thiophenecarboximidamide free base 

20 (a) N-f4-nitrophenvlV2-chloroacetamide 

4-nitroaniline (13.8 g) in ethyl acetate (200 ml) was treated with triethyl amine (15 
ml) and then treated in portions with chloroacetyl chloride (8 ml). The resulting 
mixture was stirred for 10 minutes. The mixture was then treated with water (200 
ml) and ethyl acetate (100 ml). The mixture was warmed until all solids were 

25 dissolved, and the layers separated. The ethyl acetate layer was then concentrated 
to 100 ml whilst hot, and cooled to room temperature. The next day the mixture 
was filtered, and the solids washed with ethyl acetate and air dried to give N-(4- 
nitrophenyl)-2-chloroacetamide, m.p. 183-185 **C, 14.83 g. 
(b) 4'rffrphenvlmethvl'jaminolmethvlcarbonvnamino^nitrobenzene 

30 The compound of step (a) (4.28 g) and benzylamine (2.5 ml) were combined in 
DMF (10 ml) with potassium carbonate (3,2 g) and stirred at room temperature for 
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3 hours. The solids were filtered off, and washed with methanol (2 X 10 ml). The 
combined filtrates were slowly diluted with water to 150 ml to give yellow solids, 
which were collected by filtration, and air dried to give 4- 
((((phenylmethyl)amino)methylcarbonyl)amino)nitrobenzene, MS 286 (M+H), 
5 (c) phenvlmethviy trifluoromethvlcarbonvnaminolmethvlcarbonvll 
amino'lnitrobenzene 

The compound of step (b) (4.9 g) trifluoroacetic anhydride (2.5 ml) and 
triethylamine (2.5 ml) were combined in ethyl acetate (50 ml), and the mixture with 
suspended solids was warmed to 50 overnight. The mixture was then washed 

10 with water (50 ml), filtered to remove solids, and the ethyl acetate layer was 
evaporated. The residue was taken up in ether (150 ml) and cooled to -20 
overnight. The solids were collected by filtration to give 4- 
((((phenylmethyl)(tnfluoromethylcarbonyl)aniino)methylcarbonyl)-amino)- 
nitrobenzene, MS (M+H) = 2821 

15 (d )4-rfffphenvlmethvl¥trifluoromethvlcarbonvl'iamino1methvlcarbonvnamino1aniline 
The compound of step (c) (3.8 g) was dissolved in ethyl acetate (50 ml) and ethanol 
(50 ml). The mixture was hydrogenated at 50 psi with palladium on carbon for 4 
hours. The mixture was filtered and evaporated in vacuo to give white, solids, 4- 
((((phenylmethyl)(trifluoromethylcarbonyl)amino)methylcarbonyl)amino)-aniline, 

20 MS (M+H)=352. 

(e) N-f4-rrrrphenvlmethvnamino'tmethvlcarbonvnamino')phenvlV2- 
thiophenecarboximidamide free base 

The compound of step (d) (1.05 g) and S-methyl-2-thiophenethiocarboximide 
hydroiodide (the product of Example 1 step (d)) (0.85 g) were treated with 

25 methanol (2 ml). After 15 minutes the solids had dissolved and the mixture was 
blown down with nitrogen to remove methanethioL TLC with 10 % isopropanol in 
chloroform on silica showed starting amine consumed and new spot of lower Rf. 
The mixture was dissolved in methanol (6 ml), and treated with potassium 
carbonate (1.1 g). The TLC with 15 % methanol in chloroform on silica showed 

30 incomplete hydrolysis, so an additional 1.1 g of potassium carbonate was added. 
After 2 hours the conversion was complete, and the mix was filtered to remove 
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solids. The next day the filtrate was treated with 0.65 g of maleic acid, diluted with 
ether and stirred overnight. The solids that were collected were not the desired 
product The filtrate was further diluted with hexane, and washed with water. The 
aqueous layer was treated with 1 M potassium carbonate, and extracted with ethyl 
5 acetate. The ethyl acetate was evaporated in vacuo, and the residue taken up in 20 
ml of methanol. The solution was treated slowly with water until solids precipitated, 
the solids were collected by filtration and dried at 40 °C under vacuum to give N-(4. 
((((phenyhnethyl)amino)methylcarbonyl)amino)phenyl)-2- 
thiophenecarboximidamide, free base, m.p. 161-163 °C. 

10 

Example 61 

N-f4-r2-rfr2>Furanvnmethvnami no^ethvnDhenvlV2-thiQphenecarboximidamide 
dioxalate 

(a) 4-Nitrophenvl acetyl chloride 

15 To 4-nitrophenyl acetic acid (30 g) was added thionyl chloride (100 ml). The mix 
was heated to reflux under nitrogen and stirred for two hours. The excess thionyl 
chloride was evaporated under vacuum, and the remaining oil was azeotropically 
dried with toluene. The resulting oil crystallized upon standing to leave 4- 
nitrophenyl acetyl chloride (35 g). 

20 (b) 4-f2-rfr2-Furanvnmethvl ^amino^ethvnnitrobenzene hydrochloride 

To a stirred solution of furfuiylamine (132 g) in methylene chloride (125 ml) at **C 
was added triethyl amine (2.36 ml), followed by the dropwise addition of a solution 
of the compound of step (a) (3.0 g) in methylene chloride (10 ml). The mixture 
was stirred at 0 for 15 minutes. The mixture was poured into vrater (150 ml) 

25 and the crude products extracted with methylene chloride (2 X 100 ml). The 
organic layers were collected, dried (MgSOJ, filtered and concentrated. The 
resulting solids were taken up in a solution of 7% methanol/methylene chloride, and 
purified on a silica gel colunm eluted with the same solvent The product was 
collected and concentrated. The solid was taken up in THF (50 ml) and treated 

30 with IM BoraneyTHF (50 ml). The solution was refluxed for 15 hours. The 

mixture was cooled to 0 and was slowly made acidic with 4N hydrochloric acid. 
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The mixture was reheated to refliix and stirred for 4 hours. The excess acid and 
THF was evaporated under vacuum, and the remaining slurry was taken up in 
water (100 ml) and ethyl acetate (100 ml), made basic with 50% sodium hydroxide, 
and extracted with ethyl acetate (3 X 125 ml). The organic layers were collected, 
5 dried (MgS04), filtered and concentrated. The crude product was purified on a 
silica gel colunm eluted with 10% methanol/methylene chloride. The product was 
collected and concentrated. The remaining solids were taken up in isopropyl 
alcohol (25 ml), and treated with saturated IPA/HQ (10 ml). The white solids were 
filtered and washed with isopropyl alcohol to give 4-(2-(((2-f 
10 furanyl)methyl)amino)ethyl) nitrobenzene hydrochloride (2.9 g). 

(c) 4-f2-rrf2-furanvnmethvnaminolethvn aniline dihvdrochloride. 

To a stirred solution of the compound of step (b) (2,46 g) in acetic acid (100 ml) 
was added of zinc dust (3.3 g) in one portion. The mixture was stirred for 10 
minutes. The zinc was filtered and the excess acid evaporated under vacuum. The 

15 remaining solids were taken up in water (100 ml) and ethyl acetate (100 ml), made 
basic with 50% sodium hydroxide, and extracted with ethyl acetate (3 X 125 ml). 
The organic layers were collected, dried (MgS04), filtered and concentrated. The 
remaining oil was taken up in isopropyl alcohol (25 ml) and treated with saturated 
IPA/HQ (10 ml). The white solids were filtered and washed with isopropyl alcohol 

20 to leave 4-(2-(((2-furanyl) 

methyl)amino)ethyl) aniline dihydrochloride (1.50 g). 

(d) N-r4-f2-rrf2-Furanvnmethvnamino1ethvnphenvlV2'thiophenecarboximidamide 
dioxalate 

To a stirred suspension of the compound of step (c) (1.5 g) in DMF (15 ml) was 
25 added pyridine (0.42 ml) followed by of S-methyl-2-thiophenecarboxaniide 

hydroiodide (the product of Example 1 step (d)) (1.51 g). The mixture was heated 
to 50 and stirred for 48 hours. The mixture was then diluted in 100 ml water 
and made basic with excess 50% sodium hydroxide. The crude product was 
extracted with ethyl acetate (3 X 100 ml). The organic layers were collected and 
• 30 washed with water (2 x 200 ml). The organic layer was dried (MgSOJ, filtered and 
concentrated. The crude product was purified on a silica gel column eluted with 
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20% methanol/methylene chloride. The product was collected and concentrated to 
an oil, which was taken up in isopropyl alcohol and treated with 2.5 equivalents of 
oxalic acid. The white solids were filtered and washed with ether to leave N-(4-(2- 
(((2-Furanyl)methyl)anaino)ethyl)phenyl)-2-thiophenecarboxiniidaniide dioxalate 
5 (580 mg) m.p. decomposes >220 

Example 62 

The following compounds were made following a process analogous to that of 
Example 61: 

10 (a) N-r4-f2-frf 2-Pvridvnmethvnamino^ethvnphenvn-2-thiophenecarboximidamide 
trihvdrochloride. m.p. decomposes >250 °C. 

(b) N-f4-f2-frr2-Thiophenvnmethvnamino^ethvnphenvlV2- 
thiophenecarboximidamide dioxalate. m.p. decomposes >226 °C, 

15 Example 63 

N*f4-rfami no')carbonvnphenvlV2-thiophenecarboximidamide hvdroiodide 
This compound was prepared following the procedure of Example 26, step (b). 
The salt was recrystallized from 30% isopropanol in water, m.p. 236 (dec). 

20 Example 64 

N-r4-rff2-thienv ncarbonvDamino1phenvlV2-thiophenecarboximidamide oxalate 
(a) N-f4-nitrophenvlV2-thioTihenecarboxamide 

This compound was prepared using the procedure described for Example 26, step 
(a), MS 249 (M+H). 
25 (b) N*r4-amino1aniline-2-thiophenecarboxamide 

This compound was prepared using the procedure described for Example 17, step 
(d). MS 219 (M=H). 

(c) N-f4-ffr2-thienvl^carbonvnamino>phenvlV2-thiophenecarboximidamide oxalate 
This compound was prepared following the procedure of Example 7, step (c). The 

30 free base was converted to the oxalate salt in isopropanol, m.p. 231-3 °C 
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Example 65 

N-r4-r r ( rDiphenvl aminokarbonvnaminolmethvl^phenvn-2-thiophenecarboxamidine 
oxalate 

(a) 4-f ( f rDiDhenvlaminokarbonvnamino^methvl^nitrobenzene 

5 To a stirred solution of 4-nitrobenzylarnine hydrochloride (1.04 g, 5.51 mmol) and 
triethylamine (1.56 ml, 11.22 mmol) in methylene chloride (10 ml) was added 
diphenylcarbamyl chloride (1.40 g, 6.07 mmol). After stirring for 5 hr, the mixture 
was dumped into water and the layers separated. The aqueous layer was further 
extracted with methylene chloride (3 X 20 ml). The combined extracts were washed 
10 with water, dried (MgSOj), filtered, and concentrated to yield a solid which was 
recrystallized from ethyl acetate/hexane/methanol to give 

4-((((diphenylamino)carbonyl)amino)-methyl)nitrobenzene as a white solid: 1.37 g 
(72% yield); m.p. 137-138 «C 

(b) 4-frffDiphenvlaminokarbonvnamino1methvnaniline 

15 To a stirred solution of the compound of step (a) (1.37 g, 3.94 mmol) in 

THF/MeOH (100 ml, 1:1) was added a catalytic amount of 10% Pd/C The mixture 
was hydrogenated at 50 psi for 1 hr, filtered through celite, and concentrated to 
give 4-((((diphenylamino)carbonyl)amino)methyl)aniline which was homogeneous 
by TLC and used immediately in the next reaction. 

20 (c) 

N-r4*rrrrDiphen vlamino)carbonvnamino^methvnphenvl]-2-thionhenecarhoxamidine 
oxalate 

To a solution of the compound of step (b) (1.24 g, 3.90 mmol) in isopropanol (10 
ml) was added S-methyl-2-thiophenethiocarboximide hydroiodide (1.06 g, 3.70 
25 mmol). The mixture was stirred for 18 hr, dumped into basic water and extracted 
with chloroform ( 3 X 30 ml). The combined extracts were washed with water, 
dried (MgSOj), filtered, concentrated, and chromatographed over silica (6% 
methanol/methylene chloride) to an oil which solidified upon standing. A small 
amount was isolated as the oxalate salt: (48 mg); m.p. (dec) 150 

30 

Example 66 
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N-f4-rrfr2-thiophenvnimino methvnamino)methvl'>phenvlV2-thiophenecarb^ 
' difumarate 

a) 4-( aminomethvnaniline 

To a solution of 4-nitroben2ylamine hydrochloride (9.0 g, 4.7 mmol) in methanol 
5 (200 ml) was added a catalytic amount of 10% palladium on carbon. The mixture 
was hydrogenated at 50 psi for 4 hours, filtered through celite, and concentrated to 
give a crude oil. The oil was dissolved in water (100 ml), and 20% sodium 
hydroxide (20 nil), was extracted twice with dichloromethane, the organic layer 
dried (MgS04), filtered and was concentrated to yield (6.1g) of 4- 
10 (amin9methyl)aniline. 

b) N-f4-(rfr2-thioDhenvniminomethvnamino^methvl^phenvlV2- 
thiophenecarhnxamidine difumarate 

A mixture of the compound of step (a) (1.6 g 1.3 mmol) and S-methyI-2- 
thiophenethiocarboximide hydroiodide (the product of Example 1, step (d)) (4.4 g, 
15 IJ mmol) in of DMF (10 ml) was warmed to 40 °C for 72 hours. The mixture was 
then diluted with 20% aqueous sodium hydroxide, and the solid collected by 
filtration to yield (2.5g) of crude N-(4-((((2- 

thiophenyI)iminomethyl)amino)methyI)phenyl)-2-thiophenecarboxamidine. The 
difumarate salt was made from methanol and isopropanol. m.p. 200-201 ^C. 

20 

Example 67 

Following a process analogous to that of Example 66, the following compound was 
prepared: 

(a) N-r4-rrff2-thiophenvniminomethvnamino1ethvnphenvlV2- 
25 thiophenecarhoxamidine difumarate m.p. 200-201 °C 

Example 68 

N-f 4-f ( ( r3-methv1phenvniminomethvnamino'lethvnphenvl V2- 
thiophenecarboxamidine difumarate 
30 a) N-f4-f2-aminoethvnphenvlV2-thiophenecarboxamidine 
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To a solution of 4-aminoethyl aniline dihydrochloride (1.4 g, 6.6 mmol) and S- 
methyl-2-thiophenethiocarboximide hydroiodide (the product of Example 1, step 
(d)) (2.2 g, 7.9 mmol) in DMF (10 ml) was added pyridine (0.52 g, 6.6 mmol). The 
mixture was stirred at 40 °C for 24 hours, dfluted with 20% aqueous sodium 
5 hydroxide, extracted twice with dichloromethane, dried (MgS04), fiStered and 

concentrated to give N-(4-(2aminoethyl)phenyl)-2-thiophenecarboxamidine (4.1g) as 
an oil. 

b) N-f4-rfff3-methvlphenvniminomethvnamino'>ethvnphenvlV2- 
thiophenecarboxamidine difumarate 

10 To a solution of the compound of stejp (a) (2.0 g, 8.2 mmol) was added S-methyl'(3- 
methylphenyI)thiocarbdximide hydroiodide (2.8 g, 9.2 mmol) in isopropanol (10 ml). 
The mixture was stirred at 40 °C for 18 hours, diluted with 20% aqueous sodium 
hydroxide, and extracted twice with ethyl acetate. The organic layer was washed 
with water (100 ml), dried (MgS04) filtered and concentrated to give an oQ. The 

15 difun:iarate salt was made from methanol, isopropanol, and ethyl acetate to yield N- 

(4-((((3-niethylphenyl)iminomethyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine 
difumarate: m-p. 200-201 °C . 

Example 69 

20 Following a process analogous to that of Example 68, the following compound was 
prepared: 

(a) N-r3-frrf2-thiophenvniminomethvnamino^ethvnphenvlV2- 
thiophenecarboxamidine difumarate . m.p. 211-212 "'C 

25 Example 70 

N-f 4-r2-r ( pvrimidin-2-vl1amino'lethvnphenvlV2-thiophenecarboxamide 
dihydrochloride 

a) [2-f4-nitrophenvnethvl]pvrimidi-2-vlamine 

To a solution of 4-nitrophenethyIamine hydrochloride (2.0 g, 9.8 mmol) in 
30 dimethylformamide (20 ml) was added potassium carbonate (10 g) and 2- 

chloropyrimidine (1.6 g, 1.4 mmol). The mixture was heated to 100 for 24 hours. 
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diluted with water (300ml), extracted twice with ethyl acetate, dried (MgSOj), 
filtered and concentrated to yield a crude solid. The monohydrochloride salt was 
made from ethyl acetate, isopropanol to yield (2.4g) of [2-(4-nitrophenyl)ethyl] 
pyrimidi-2-ylamine hydrochloride, 
5 b) [2'r4-aminophenvlVethvnnvrimidi-2-vlamine 

To a solution of the compound of step (a) in acetic acid. (100 ml) was added zinc 
dust (3.0 g). The reaction mixture was stirred for 30 minutes, filtered and 
concentrated. The residue was partitioned with 20% aqueous sodium hydroxide 
and dichloromethane and the organic layer was dried (MgSO^), filtered and 
10 concentrated to yield 1.3g of [2-(4-aminophenyl)-ethyl]pyrimidi-2-yIamine. 

c) N-r4-f2-('rpvrimidin-2- vnamino^ethvnphenvlV2-thinphenecarhoxamide 
dihvdrochloride 

To a solution of the compound of step (b) (L3 g, 6.6 mmol) in (10 ml) of 
dimethylformamide was added S-methyI-2-thiophenethiocarboximide hydroiodide 
15 (the product of Example 1, step (d)). The reaction was stirred for 72 hours, diluted 
with 20% sodium hydroxide and extracted twice with ethyl acetate. The combined 
extracts were washed twice with water, dried (MgSOJ, filtered and concentrated. 
The hydrochloride salt was made from methanol and isopropanol to yield N-(4-(2- 

((pyrimidin.2-yl)amino)ethyI)phenyl)-2-thiophenecarboxamide dihydrochoride. m.p. 
20 191-192 °C. 

Example 71 

N'(4-f2-frphenvlmethv namino^ethoxvV2-fluoro-phenvn-2-thiophenecarboximidamide 
a) 3-fiuoro-4-nitrophenoxvacetic acid 

25 A sample of 3-fluoro-4-nitrophenol (5.18 g) and potassium carbonate (10 g) was 
treated with DMF (20 ml). Ethyl bromoacetate (5 ml) was then added, and the 
mixture was stirred at 22 After two hours the mixture was treated with 
methanol (20 ml) and water (40 ml) and allowed to stir. After an additional two 
hours, the mixture was diluted with water to 200 ml and the solids filtered off. The 

30 filtrate was acidified and the solids collected to give 3-fluoro-4-nitrophenoxyacetic 
acid, m.p. 90-92 X. 
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b) N-phenvlTnethvl-3-fluoro-4-nitrophenoxvacetamide 

A sample of the compound of step (a) (2.84 g) was dissolved in dry THF (100 ml), 
then methylmorpholine (1.45 ml) was added and the mix stirred at 0 "C. Ethyl 
chloroformate, (1.26 ml) was added, and the mixture stirred for 2 minutes. 
5 Benzylamine (1.45 ml) was added, and the mixture as stirred at 0 ''C After 15 
minutes the mixture was diluted slowly with water to 220 ml and stirred at 0 
The resulting solids were collected and washed with water then air dried to give N- 
phenylmethyl-3-fluoro-4-nitrophenoxyacetamide, m.p. 128.5-130 ^'C 
(c) N-r4-f2-rfphenv1methvnamino^ethoxvV2-fluoro-phenvlV2- 
10 thiophenecarboximidamide 

The product of step (b) was converted to N-(4-(2-((phenylmethyl)amino) 
ethoxy)-2-tluoro-phenyl)-2-thiophenecarboximidamide free base following a process 
analogous to that of Example 19, steps (c) and (d); m.p. 105-107 

15 Example 72 

N-f4-f2-ffphenvlmethvnrmethvnamino^ethvnphenvntrifluoroacetimidamide 
4.(2-((phenylmethyl)(methyl)amino)ethyl)aniline dihydrochloride (prepared 
following method of Example 19, steps (a)-(c)) (1.03 g) was dissolved in water (25 
ml), treated with 50% sodium hydroxide (5 ml), and extracted with ethyl ether. The 

20 extract was dried (NaOH), and evaporated to provide free base, 0.72 g. The free 
base was then treated with trifluoroacetimidamide, and warmed to 100 ^'C. After 
one hour, toluene (5 ml) was added to improve stirring. The mixture was cooled 
after 2 hours, and water (30 ml) was added, and the mixture was stirred. After 15 
minutes, the water was decanted from the resulting semisolid tan residue. The 

25 residue was recrystallised from a methanol and water mixture (125 ml), giving 
N-(4-(2-((phenylmethyl)(methyl)amino)ethyl)phenyl)-trifluoroacetimidamide, as a 
tan solid, m.p. 105-107 ''C. 
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Qaims 

!• A compound of formula I 




wherein 

D rei)resents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring 
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are 
optionally substituted by one or more groups selected from alkyl CI to 6, alkoxy CI 
to 6, halogen and perfluoroall^I CI to 6; or perfluoroalkyl CI to 6; 

represents hydrogen, alkyl Cl to 6 or halogen; 

represents .X(CH2)„ZCONR^R\ -X(CH2)JNHCO(CH2);^^R*, 
-X(CH2)pNR^R\ -X(CH2)„]^COR^ or -(CH2),NHC(^ 

R^ and R^ independently represent hydrogen, alkyl Cl to 6, -(CHj) A -(CH^^JOA 
or .CH(CH3)(CH2),A; 

or -NR'R^ together represent l-indanyl, piperonylamino-, piperidinyl, morpholinyl, 
pyrrolidinyl, 1,2,3,4-tetrahydroisoquinolinyl; or piperazinyl optionally 4-substituted by 
alkyl Cl to 6; 

R^ represents alkyl Cl to 6, perfluoroalkyl Cl to 6, -(CH^^ or 
^(CH,XA 

A represents phenyl, pyridinyl, pyrimidinyl, or a 5 membered heterocyclic aromatic 
ring containing 1 to 4 heteroatoms selected from O, S and N, which four groups are 
optionally substituted by one or more groups selected from alkyl Cl to 6, halogen, 
nitro, cyano and trifluoromethyl; 

R* represents phenyl, pyridinyl or a 5 membered heterocyclic aromatic ring 
containing 1 to 4 heteroatoms selected from O, S and N, which three groups are 
optionally substituted by one or more groups selected from alkyl Cl to 6, alkoxy Cl 
to 6, halogen and perfluoroaliiyl Cl to 6; or perfluoroalkyl Cl to 6; 
n and r independently represent an integer in the range 0 to 6 inclusive; 
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p and w independently represent an integer in the range 1 to 5 inclusive; 
m represents an integer in the range 2 to 5 inclusive; 
q and t independently represent an integer in the range 0 to 5 inclusive; 
s represents an integer in the range 1 to 3 inclusive; 
5 X represents O or a bond; 
Z represents O, NR' or a bond; 

represents hydrogen or alkyl Cl to 6; 
provided that: 

(a) when D contains a heteroatom, it is not connected to the remainder of the 
10 compound of formula I through the heteroatom; 

(b) when represents -X(CH2)„ZCONR^R^ and neither X nor Z represent a 
bond, then n represents an integer in the range 2 to 6 inclusive; 

(c) when R' represents -X(CH2)^NHGO(CH2),NR^R' or -X(CH2)„NHCOR^ 
and X represents O, then n represents an integer in the range 2 to 6 inclusive; 

15 (d) when R^ represents -X(CH2)pNR^R* and X represents O, then p represents 
an integer in the range 2 to 5 inclusive; 

(e) when R^ represents .(CH2)qNHC(NH)R*, R^ represents hydrogen, D 
represents phenyl and R* represents phenyl, then q does not represent 0; 

(f) when R2 represents -(CH2)qNHC(NH)R^ R^ represents hydrogen, D 
20 and R* represent 2-chlorophenyl, then q does not represent 0; 

(g) when R2 represents -(CH2)^NHC(NH)R^ R^ represents hydrogen, D^nd R* 
represent 3-pyridinyl, then q does not represent 0; and 

(h) when R^ represents -(CH2),jNHC(NH)R*, R^ represents hydrogen, D and R* 
represent 4-pyridinyl, then q does not represent 0; 

25 or a pharmaceutically acceptable salt thereof. 

2, A compound as claimed in claim 1, wherein D represents phenyl, thiophene, 
pyrrole, furan or thiazole which five groups are optionally substituted by one or 
more groups selected from alkyl Cl to 6, alkoxy Cl to 6, halogen or perfluoroalkyl 
Cl to 6. 

30 3. A compound as claimed in claim 1 or claim 2, wherein D represents 
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thiophene, furan or pyrrole, 

4. A compound as claimed in any one of the preceding claims wherein 
represents -X(CH2)pNR^R* or .(CH2)qNHC(NH)R*. 

5. A compound as claimed in any one of the preceding claims wherein R^ 
5 represents -X(CH2)pNR^R*, X represents a bond and either -NR^R^ represents 

1,2,3,4-tetrahydroisoquinolinyI or 1-indanyl or one of R^ and R* represents -(CHj)^ 
and the other represents hydrogen or methyl 

6. A compound as claimed in any one of the preceding claims wherein R^ 
represents -X(CH2)pNR^R^, p represents an integer in the range 1 to 3 inclusive, 

10 one of R^ and R* represents -(CHj)^ the other represents hydrogen or methyl, 
r represents 1 or 2 and A represents phenyl optionally substituted by one or more 
groups selected from alkyl CI to 6 and halogen. 

7. A compound as claimed in any one of claims 1 to 4 wherein R^ represents 
-(CH2)qNHC(NH)R'*, q represents 0, 1 or 2 and R* represents phenyl or thiophene, 

15 which two groups are optionally substituted by one or more groups selected from 
alkyl Cl to 6 and halogen. 

8. A compoxmd as claimed in any one of claims 1 to 4 and claim 7 wherein R^ 
represents -(CH2)qNHC(NH)R** and q represents 0. 

9. A compoxmd of formula I, as claimed in claim 1, which is: 

20 N-(4-(2-((phenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(l-((phenyhnethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(l-((phenethyl)anuno)methyI)phenyI)-2-thiophenecarboximidamide; 

N-(4-(2-((2-chlorophenyhnethyl)amino)ethyI)phenyl)-2-thiophenecarboximidamide; 

N-^4-(2-((3-fluorophenylmethyl)amino)ethyl)phenyl)-2-thiophenecarboxiniidamide; 
25 N-(4-(2-(((2-methylphenyl)methyl)aniino)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(2-(methylamino)ethyl)phenyl)-2-thiophenecarboximidaniide; 

N-(4-(2-aniinoethyl)phenyl)-2-thiophenecarboximidaniide; 

N-((4-morpholinylmethyl)phenyl)-2-thiophenecarboximidamide; 

N-(3-(((phenyhnethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide; 
30 N-(4-(2-(((2,6-dichlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene 
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carboxiinidamide; 

N-(4-(2-(((2-bromophenyl)methyl)ammo)ethyI)phenyl)-2- 
thiophenecarboximidamide; 

N-(3-(2-((Phenylmethyl)amino)ethyl)phenyI)-3-thiophenecarboxim 

N-(4-(2-((2,6-dicUorophenylmethyI)ainino)ethyl)phenyl) 

-3-thiophenecarboximidamide; 

N-(4-(2-aininoethyI)phenyl)-3-thiophenecarboxiinidamide dihydrobromide; 

N-(4-(2-((2,6-dichlorophenylmethyI)amino)ethyl)phenyl)-2-furanocarbo 

N-(3-(3-(l-pyroUdinyl)propyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(2-aminoethyI)phenyl)-2-furocarboxiinidainide dioxalate; 

N-(4-((l.piperidinyl)methyl)phenyl)-2-thiophenecarboximidarnide; 

N-(4-((l-pyrroUdinyl)methyl)phenyl)-2-thiophenecarboximidainide; 

N-(3-(((phenylmethyl)amino)methyl)phenyl)-2-thiophenecarboximi(^ 

N-(3-((amino)methyl)phenyl)-2-thiophenecarboximidaniide; 

N-(3-(2-((phenylmethyl)amino)ethyI)phenyl)-2-thiophenecarboxamidine 

N-(3-(2-(Ethylamino)ethyl)phenyl).2-tWophenecarboximidainide; 

N-(3-(3-((Phenylethyl)amino)propyl)phenyl)-2-thiophenecarboxiim 

N-(3-(2-(((2-Bromophenyl)methyl)aniino)ethyl)phenyl)-2- 

thiophenecarboximidamide; 

N-(3-(2-(Phenylamino)ethyl)phenyl)-2-tMophenecarboximidainide; 

N-(4-(2-(Ethylamino)ethyl)phenyl)-2-thiophenecarboximidaniide; 

N-(4-(2-(2-Propylainmo)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(2-(l-Propylammo)ethyI)phenyl)-2-thiophenecarboximidaini 

N-(4-(2-(t-Butylainino)ethyl)phenyl)-2-thiophenecarboximidainide; 

N-(4-(2-(n-Butylainino)ethyI)phenyI)-2-thiophenecarboximidamide; 

N-(3-(2-(Methylamino)ethyl)phenyI)-2-thiophenecarboximidaiiiide; 

N<3-(2-(l-Propylamino)ethyI)phenyI)-2-thiophenecarboximidainide; 

N-(3-(2-(t-Butylammo)ethyl)phenyI)-2-thiophenecarboximidamide; 

N-(3-(2-(2-Propylamino)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(3-(2-aminoethyl)phenyI)-2-thiophenecarboxiniidainide; 
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N-(3-(2-(DimethyIaimno)ethyl)phenyl)-2-thiophenecarboximidam 
N-(3-(2-(Diethylamino)ethyl)phenyl)-2-thiophenecarboximidaim 
N-(3.(2-(2-(l,2^,4-Tetrahydro)isoquinolinyl)ethyI)phenyI)-2. 
thiophenecarboximidainide; 

N-(4-(3-(2-(l,2,3,4rtetrahydro)isoquinolyl)propyl)phenyl)-2-thiophene 
carboxiimdaniide; 

N<3-(2-(((2-ailorophenyl)methyl)ammo)ethyl)phenyl)-2- 
thiophenecarboximidaniide; 

N-(3-(3-((Phenylmethyl)ainino)propyl)phenyl)-2-tWophenecarbaxm 

N<4-(2-(((3-Chlorophenyl)methyl)aimno)ethyl)phenyl)-2-thioph 

N-(4-(2-(((4-Chlorophenyl)methyl)amino)ethyl)phenyl)-2-thiophen 

N-(4-(2-(((3-Chlorophenyl)methyl)ammo)ethyI)phenyl)-3-chlorothiophene- 
2-carboximidaniide; 

N-(3-(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyI)-2- 
thiopbenecarboxiinidainide; 

N<4.(2-((N-Phenylmethyl-N-methyl)amino)ethyl)phenyl)-2-t^^ 
carboximidamide; 

N-(3-(2-(((3-Chlorophenyl)methyI)amino)ethyl)phenyl)-2-^^^ 
carboximidainide; 

N-(3-(2-(((3-fluorophenyl)methyl)amino)ethyl)phenyl)-2-thiophene carboximidainide; 

N-(4-(3-(((3-ChIorophenyl)methyl)ainmo)propyl)phenyl)-2-thioph 

carboxmudamide; 

N-(4-(3-((phenylmethyl-N-methyl)amino)propyl)phenyl)-2-thiophene 
carboximidainide; 

N-(4-(3-((phenylamino)caj*onyl)propyl)phenyl)-24hiophenecarboximidaiiu 

N-(4-(3-((phenylmethylaimno)carbonyl)propyl)phenyl)-2-thi 

N-(4-(3-((l-pyrroUdyl)carbonyl)propyloxy)pheiiyl)-2-thiophenecarbcDd 

N-(4-(3-((4-morpholinyl)carbonyl)propyloxy)phenyl)-2-thiophenecarboxim 

N-(4-(2-((phenylmethylainino)carbonyl)ethyl)phenyl)-2-thiophenecarboximid^ 

N-(3-(2-((phenylamino)carbonyI)ethyl)phenyl)-2-thiophenecarboximidainide; 
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N-(4.(3-((phenylaimno)carbonyl)propyl)phenyl)-2-pyrroIecarboxi^ 
N-(4-(3-((phenylammo)carbonyl)propyl)pheiiyl)-2-furocarboxiimdam 
N-(4-(3-((phenylamino)carbonyl)propyl)phenyl)-3-chloro-2- 
thiophenecarboximidamide; 
5 N-((3-((phenylaimno)carbonyl)propyl)phenyl)-l-methylpyrrole-2-carboxM 
N-(4-(3-(l-(4-methyIpiperazinyl)carbonyl)propyl)phenyl)-2-thiophene 
carboxiinidamide; 

N-(4-(3-((l-pyrrolidyl)carbonyl)propyl)phenyl)-2-thiophenecarboxirm 
N-(4-(3-((4-morpholinyl)carbonyl)propyI)pheiiyl)-2-thiophenecart 

10 N-(4-((phenylamino)carbonyI)pheityl)-2-tMophenecarboximidamide; 

N-(4-(2.((4-morphoImyl)carbonyl)ethyl)phenyl)-2-methylthiazole-4<arte 
N-(4-(2-(((4-morpolmyl)carbonyI)amino)ethyl)phenyl)thiophene-2-carboxim ; 
N-(4-(3-(phenylaminocarbonyl)propyloxy)phenyl)-2-thiophenecarboximidam 
N-(4-(2-(((tri£luoromethyI)carbonyl)amino)ethyl)phenyl)-2- 

15 thiophenecarboximidaimde; 

N-(4.(2-(((methyl)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboximid 
N-(4-(2-(((phenylmethyl)carbonyl)amino)ethyl)phenyl)-2-^^ 
N-(4-(2-(((pheiiyl)carbonyI)amino)ethyl)phenyl)-24hiopheneca^ 
N-(4-((phenylimmocarbonyl)amino)phenyl)-2-thiophenecarboximidamide; 

20 N-N'-(l,4-phenylene)bis-2-thiophenecarboximidaniide; 
N-N"-(l,3-phenylene)bis-2-thiophenecarboximidamide; 
N^'-(l,3-phenylene)bis-2-chlorophenylcarboxiinidamide; 
N^-(l,4-phenylene)bis-3-chlorothiophene-2K:arboxiinidamide; 
N-(4-(((2-methoxyphenyl)iminocarbonyl)amino)phenyl)-2-thiophene 

25 carboximidamide; 

N-(4-(((Phenyl)iininocarbonyl)amino)phenyl)-3<hlorothioph 
N-(4-(((PhenyI)immocarbonyl)ainino)pheiiyl)-3-thiophenecarbo 
N-(3-(((phenyl)iininocarbonyl)ammo)phenyl)-2-thiophenecarbo^ 
N-(4-(((4-chlorophenyl)iminocarbonyl)ainino)phenyl)-2-thiophenecarb<OT 

30 N-(4-(((2-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarbOT 
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N-(4-(((4-bromophenyl)iminocarbonyl)amino)phenyI)-2-thiophene 

N-(4-(((3-chloro-4-methylphenyl)immocarbonyl)amino)phen^ 

carboximidamide; 

N-(4-(((3,5-dimethoxyphenyl)iminocarbonyl)amino)phenyI)-2- 
5 thiophenecarboximidainide; 

N-(4-(((3,5-dicMorophenyl)iininocarbonyl)ammo)phenyl)-2- 
thiophenecarboximidamide; 

N*(M((Phenyl)iininocarbonyl)ammo)phenyl)-2-furancarboxinu 
N-(4-(((3-methylphenyl)iminocarbonyl)ainmo)pheiiyl)-2- 
10 thiophenecarboximidainide; 

N-(4-(((3-Methoxyphenyl)inunocarbonyI)aimno)phenyl)-2-thiophene 
carboximidamide; 

NK4-(((3-Bromophenyl)iminocarbonyl)anuno)phenyl)-2-thiophenecarboxiinidamide; 

N-(4-(((3-chlorophenyl)iminocarbonyl)amino)phenyl)-2-thiophenecarboximidamide; 
15 N-(4-(((3-methylphenyl)iminocarbonyI)amino)phenyl)-2-pyrrolecarboximidamide; 

N'^^(((4<hlorophenyl)iminocarbonyl)amino)phenyl)-2-pyrroIecarboxiniid 

N-(4-(2-(((Phenylamino)carbonyl)amino)ethyl)phenyl)-2-thiophenecarboxamidine; 

N-(4-(2-(((phenylamino)carbonyl)o?gr)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-((bis(phenyImethyl)amino)methyl)phenyl)-2-thiophenecarboximidamide; 
20 N-(4-(2-aminomethyl)phenyl)-2-thiophenecarboximidamide; 

N-(3-(l^,4-tetrahydroisoquinoIin-2-ylmethyl)phenyI)-2-thiophenecarboximidam 

N-(4-(4-((phenylmethyl)aniino)bxityl)phenyl)-2-thiophenecarboximidamide; 

NK4-((((2-thiophenyl)iminomethyl)amino)methyl)phenyl)-2- 

thiophenecarboximidamide; 
25 N-(3-(3-(l-pyrrolidinyl)propyl)phenyl)-phenylcarboxinMdamide; 

N-(4-(2-((4-metho5c>rphenylmethyl)amino)ethyl)phenyl) 

-2-thiophenecarboximidamide; 

N-<4-(2-((4-methylphenyhnethyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide; 
N-(3-(2-((3-phenyIpropyl)amino)ethyl)phenyl)-2-thiophenecarboximidamide; 
30 N-(3-(2-((2-methylphenylmethyl)amino)ethyI)phenyl)-2-thiophenecarboximidamide; 
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N-[4-(2-((l-mdanyl)ethyl)ammo)pheiiyl]-2-thiophenecarbo^^ 
N-(4-(2-(((4-pyridyl)methyl)amino)ethyl)phenyl)-2-thiophe^ 
N-(4-(2-(((2-thienyl)methyl)ajiiino)ethyl)phenyl)-2-thiophenec^ 
N-(3-(2-((2-phenylethyI)amino)ethyl)phenyl)-2-thiophenecarboxim 
5 N-(4-(2-aminoethyl)phenyl)-2-pyrrolecarboxiimdaniide; 

(S>N-(4-(2-((l-phenylethyl)aimno)ethyl)phenyl)-2-thiophenecarboximi 
(R)-N-(4-(2-((l-phenylethyl)ammo)ethyI)phenyI)-2-thiophenecarboximi 
N-(3-(2-((4-phenylbutyl)amino)ethyl)phenyl)-2-thiophenecarboxiim 
N-(4-(((phenylmeth03Qr)carbonyl)aininomethyl)phenyl)-2-A 

10 carboxiimdamide; 

N-(4-(2-((phenylmethyl)aimno)etho;gr)phenyl)-2-thiophenecarboxi^ 
N-(4-(((diphenyIaniino)carbonyl)aiiimo)phenyl)-2-thiophenecarboxamid^ 
N-(3-((benzoyl)ainino)phenyl)-2-thiophenecarboxiTnidaTnide; 
N-(4.((benzoyl)amino)pheiiyl)-2-thiophenecarboximidaniide; 

15 N-(3-(((phenylamino)carbonyl)amino)phenyl)-2-thiophenecarboxiim 
N-(3-(((4-phenoxylbutyl)amino)carboityl)phenyl)-2-thiophene(^ 
NK3-(((4-phenylbutyl)ainino)caitK)nyI)phenyl)-2-thiophenecarbcn^ 
N-(4-((((ben2yl)amino)carbonyl)metlqrI)phenyl)-2-thiophenec^ 
N-(4-(2-(l-pyrrolidinyl)ethyl)phenyl)-2-thiophenecarboxinu 

20 N<4-(2-(l-piperidinyl)ethyI)phenyl)-2-thiophenecarboxiinidamide; 
N-(4-(3-(l-pyiTolidinyl)propyl)phenyl)-2-thiophenecarboximidamide; 
N-<4-(3-(l-piperidmyl)propyl)phenyI>2-thiophenecarboximidamide; 
N-(4-(2-(2-(l,2;5,4-tetrahydro)isoqumoIyl)etltyl)phenyl)-2-thiophenecarbc^ 
N<4-((((phenylmethyl)amino)methylcarbonyl)anuno)phenyl>^^ 

25 thiophenecarboximidamide; 

N-(4-(2-(((2-furanyl)methyl)amino)ethyl)phenyl)-2-thiophenecarbo^^ 
N-(4-(2-(((2-Pyridyl)methyl)amino)ethyl)phenyl)-2-thiophenecarbc^^ 
N-(4-(2-(((2-Thiophenyl)methyl)amino)ethyl)phenyl)-2-thiophene^ 
N-3-((aininocarbonyl)phenyl)-2-thiophenecarboximidainide; 

30 N-(4-(((2-thienyl)carbonyl)amino)phenyl)-2-tMophenecarboxiimdamide; 
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N-[4-((((Diphenylamino)carbonyl)amino)methyl)phenyl]-2.thiophenecarboxanudine; 

N<4-((((2-thiophenyl)iminomethyl)ammo)methyl)phenyl)-2- 

thiophenecarboxamidine; 

NW(((2-thiophenyl)immomethyI)amino)ethyl)phenyl)-2-thiophenecarboxam 

N-(4-((((3-methylphenyl)immomethyI)aimno)ethyI)phenyI)-2- 

thiophenecarboxamidine; 

N<3-((((2-tWophenyl)iminomethyl)aiiiino)ethyl)pheiiyl)-2-thiophenecarboxami^^ 

N-(4-(2-((pyrimidm-2-yl)amino)ethyl)phenyl)-2-thiophenecarboxaniide; 

N-(4-(2.((phenylmethyl)ainmo)ethc«y>2-fluoro-phenyl)-2-thiophene 
carbcndmidamide; 

N-(4-(2-((phenyImethyl)(methyl)amino)ethyl)phenyl)trifluoroacetiniidamM^ 

N-(4-(2-((ethyl)(phenylmethyl)aniino)ethyl)phenyl)-2-thiophenecarboximidamide; 

N-(4-(2-((propyl)(phenylmethyl)aimno)ethyl)phenyl)-2.thiophenecarboximi 

N-(4-(2-((14-dimethylethyl)(pheitylmethyl)aimno)ethyl)phenyl)-2- 

thiophenecarboxunidamide; 

N-(4-(2-((3,4-dichloropheitylmethyl)amino)etttyl)pheiiyI)-2- 
thiophenecarboxiniidamide; 

N-(4-(2-((3,5-bistrifluoromethylpheitylmethyl)amino)ethyl)pheityl)-2- 
thiophenecaibdximidamide; 

N-(4-(3-(etl^lammo)propyl)phenyI)-2-thiophenecarboximidamide; 

N-(4-(2-(diethylamino)ethyl)phenyl>2-thiophenecarboximidaimde; 

N-(4-(2-((3-chlorophenyImethyl)ainmo)ethyI)phenyl) -beiizenecarboximidainide; 

N<4-(2-((3<hlorophenylmethyl)amino)ethyl)phenyl> 

carboximidainide; 

N-(4-(2-((4-methylphenylmethyl)anuno)ethyI)phenyl)-2-tW 

N-<4-(2-(piperonylainino)ethyI)phenyl)-2-thiophenecarboxaimdm^ 

or a phannaceutically acceptable salt of any one thereof. 

10. A pharmaceutical formulation including a compound of formula I, as 

defined in claim 1, or a pharmaceutically acceptable salt thereof, in admixture with 

a pharmaceutically acceptable diluent or carrier. 
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11. A compound of formula I, as defined in claim 1, or a pharmaceutically 
acceptable salt thereof, for use as a pharmaceutical. 

12. Use of a compound of formula I, as defined in claim 1, without provisos (e) 
to (h), or a pharmaceutically acceptable salt thereof, in the manufacture of a 

5 medicament for the treatment of neurodegenerative disorders or of migraine or for 
the prevention and reversal of tolerance to opiates and diazepines or for the 
treatment of drug addiction. 

13. A method of treatment of neurodegenerative disorders or of migraine or of 
tolerance to opiates and diazepines or of drug addiction which comprises 

10 administering a therapeutically effective amount of a compound of formula I, as 
defined in claim 1, without provisos (e) to (h), or a pharmaceutically acceptable salt 
thereof, to a person suffering from such a condition. 

14. A process for the preparation of a compound of formula I, as defined in 
claim 1, or a pharmaceutically acceptable salt thereof, which comprises: 

15 (a) preparing a compound of formula I, by reacting a corresponding compound 
of formula II 



NH 




20 wherein D is as defined in claim 1 and L is a leaving group, 
with a compound of formula III 




25 wherein and are as defined in claim 1, 

(b) preparing a compound of formula I, by reacting a corresponding compound of 
formula IV N 

l|l I V 

30 
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wherein D is as defined in claim 1, 
with a compound of formula V 

wherein and are as defined in claim 1 and HA is an add, 

(c) preparing a compound of formula I in which R^ represents 
-X(CH2).ZC0hfR^R\ .X(CH2).NHCO(CH2)J^^R* or 'X(CH^^^R' and at least 
one of R' and R* represents alkyl Cl to 6, -(CHj) A -(CH^JiA or 

10 -CH(CH3)(CH2)tA by reacting a corresponding compound of formula I in which one 
or both of R^ and R* represents hydrogen with a compound of formula VI, 

R ^ - L VI 

wherein R* represents alkyl Cl to 6, -(CHj) A -(CR^JDA or 'CH{CH^)(CH^,A 
15 and L is a leaving group, 

(d) preparing a compound of formula I in which R^ represents 
-(CH2)qNHC(NH)R* by reacting a corresponding compound of formula VII 



20 




V I I 



wherein D, R^ arid q are as defined in claim 1, 
with a compound of formula VIE 



NH 




VIII 



wherein R^ is as defined in claim 1 and L is a leaving group, 

(e) preparing a compound of formula I in which R^ represents 

-(CH2),jNHC(NH)R* by reacting a corresponding compound of formula DC 



30 
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I X 



wherein D, and q are as defined in claim 1 and HA is an acid, 
5 with a compound of formula X 

N 



R 



6 



10 wherein is as defined in claim 1, 

(f) preparing a compound of formula I in which R^ represents 
-X(CH2)nZC0NR^R* by reacting a corresponding compound of formula XI, 

X I 



LCOZ(CH 
15 



..-err""' 



wherein D, R\ X, n, Z and L are as defined in claim 1, 
with a compound of formula XQ, 

R^R^NH XII 

20 wherein R^ and R^ are as defined in claim 1, 

(g) preparing a compound of formula I in which R^ represents 
-X(CH2)bNHCO(CH2),NR^R\ by reacting a compound of formula XIII 

wherein D, R^ X and n are as defined in claim 1, 
with a compound of formula XIV 

R'R*N(CrH2),C0L XIV 



30 wherein R^ R* and s are as defined in claim 1 and L is a leaving group, 
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(h) preparing a compound of formula I in which represents 
-X(CH2)„NHCOR^, by reacting a compound of formula Xm with a compound of 
formula XV 

5 R^COL XV 

wherein is as defined in claim 1 and L is a leaving group, 

(i) preparing a compound of formula I in which R^ represents 
-X(CH2)„ZCONR^R^ and Z represents NR^ by reacting a corresponding compound 
of formula I in which R^ represents -X(CH2)„ZC0NR^R* and Z represents -NH 

10 with a compound of formula XVI 

R^-L XVI 

wherein R^ is as defined in claim 1 and L is a leaving group, 
(j) preparing a compound of formula I in which R^ represents -X(CH2)pNR^R*, 
15 and p is not less than 2, by reduction of a compound of formula XVII 




20 wherein D, X, R\ R^ R^ and p are as defined in claim 1, 

(k) preparation of a compound of formula I wherein R^ represents 
-X(CH2),^NR^R^ and both R^ and R* represent hydrogen, by reduction of a 
corresponding compound of formula XVIU 



25 HO,(CH,) --t^^ ^ XVIII 



wherein R\ D, p and X are as defined in claim 1, 
(1) preparing a conipound of formula I wherein R^ represents 
-X(CH2)„ZC0NR^R\ Z represents O or NR^ and R^ represents hydrogen by 
30 reacting a compound of formula XIX 
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XIX 



wherein R\ D, X and n are as defined in claim 1 and Z represents O or NR^, 
5 with a compound of formula XX 

R^-N=C=0 XX 
wherein R*^ is as defined in claim 1, 

(m) preparing a compoxmd of formula I wherein R^ represents 
10 -X(CH2)„NHCOR^ and R^ represents -©(CHjXA by reacting a compound of 
formula XXI 

0-C.M-(CH,),X-^^'^ XXI 

15 wherein RS D, X and n are as defined in claim 1, 
with a compound of formula XXII 

A(CH2)wOH XXII 

wherein A and w are as defined in claim 1, 
20 (n) preparing a compound of formula I wherein R^ represents 

-X(CH2),ZCONR^R* and Z represents O or NR^ by reacting a compound of 
formula XIX with a compound of formula XXin 

0 

JJ XXIII 

25 

wherein R' and R* are as defined in claim 1, 

(o) preparing a compound of formula I wherein R^ represents -X(CH2)pNR^R\ R^ 
represents hydrogen and p represents an integer 2 to 5, by reduction of a 
compound of formula XXIV 

30 
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«*-«-CH<CH,),.,X-{PJ ] XXIV 



wherein R\ R*, D, X and p are as defined in claim 1, 
5 (p) preparing a compound of formula I wherein represents -X(CH2)pNR^R*, 
one of R' and R* represents l^drogen, and the other represents -(CHj)^ in which 
r represents an integer 2 to 6, by reduction of a compound of formula XXV 

10 \^ " 

wherein R\ A, D, r and p are as defined in claim 1, 

(q) preparing a compound of formula I wherein R^ represents -X(CH^pNR^R*, 
one of R* and R* represents hydrogen, and the other represents -(CFL^JDA, by 
reduction of a compound of formula XXVI 

15 



*0<CHj),.,-CH-H-(CHj) 



R' 

XXVI 



wherein R\ A, D, p and m are as defined in claim 1, 

(r) preparing a compound of formula I wherein represents -X(CH2)pNR^R*, 
20 one of and R* represents hydrogen, and the other represents -(CHJ^ in which 
r represents an integer 2 to 6, by reduction of a compound of formula XXVII 

A(CH2),.,C0NH(CHj)pX— ^ ?J XXVI I 

25 wherein R\ A, D, p and r are as defined in claim 1, or 

(s) preparing a compound of formula I wherein R^ represents -X(CH2)pNR^R\ 
one of R^ and R* represents hydrogen, and the other represents -(CH^JOA, by 
reduction of a compoxmd of formula XXVin 



30 
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AO(CHj)„.,COMH(CHj),X-[|- 1 I 



XXVI I I 



wherein R', A, D, p and m are as defined in claim 1, 

and where desired or necessary converting the resultant compound of formula I, 
or another salt thereof to a pharmaceutically acceptable salt thereof, or vice versa . 
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